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REMARKS 

Claims 1, 2, 4 r 5, 8, 9, 24, 25 ( 30 T 31, 34, 35, 37-40 and 43 are 

rejected. 

Applicant respectfully requests consideration of the following 
arguments which applicant believes puts the application in complete condition for 
allowance. 

CLAIM REJECTIONS 35 U.S.C. §103 

Claims 1, 2, 4 f 5, 8, 9, 24, 25, 30, 31, 34, 35, 37^0 and 43 are 
rejected under 35 U.S.C. §1 03(a) as obvious over SU 1685448 in view of U.S. 
Patent Nos. 5,665,366 to Rawlings; 4,112,121 to Tenta; 5,411,741 to Zaias; and 
the Burback reference. 

The Examiner accepted applicant's arguments filed August 18, 
2005 as to why DMSO affects the activity of the enzyme, such that DMSO would 
materially affect the composition and thus cannot be included in applicants' 
composition, which uses "consisting essentially of language. 

The Examiner's current position is that the phrase "consisting 
essentially of" excludes DMSO but is open to include theophylline and lanolin. 
SU 1685448 teaches a composition containing an enzyme, theophylline, DMSO, 
lanoline and sunflower oil. SU 1685448 does not render applicants claims 
obvious because each of the other components in SU 1685448 materially affects 
the enzyme. 

Like DMSO, applicant respectfully asserts and provides supporting 
references (copies attached) that theophylline, lanolin, and sunflower oil 
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materially affects the target area for trypsin's action, specifically, the water 
content and/or degree of hydration is increased. Low water content in the 
stratum corneum creates a dry condition that induces scaly skin. As shown by 
Sato (Journal of Dermatological Science 18 (1998) 163-169) this scarcity of 
water makes stratum corneum trypsin fess active thus perturbing desmosomal 
degradation (page 1 68). 

Theophylline, lanolin, and sunflower oil increase the hydration state 
by providing water to the target area, thus removing the inhibitory affect of the dry 
area. Theophylline as described in U.S. Patent No. 5,290,782 is a known diuretic 
and vasodilator. Water exits blood vessels and enters the surrounding area. 
Lanolin and vegetable oils, such as sunflower oil, are known moisturizers. 
Lanolin, an emollient, has similar properties to petrolatum, an occlusive. As 
demonstrated by Kligman (Cosmetics and Toiletries 93 (1978) 27-35) lanolin has 
a moisturizing affect on the skin. As shown in Figure 2 (page 32) three weeks of 
treatment with lanolin decreased the degree of xerosis in human subjects from a 
grade of about 3 to a grade of about 0.5. Lanolin's moisturizing properties could 
be still detected up to 14 days after termination of treatment. Sunflower oil, 
which is an occlusive such as petrolatum and which hinders water loss from the 
skin, also aids in reversing the high rates of transepidermal water loss in skin 
with altered stratum corneum architecture (C. Prottey et al„ British Journal of 
Dermatology 94 (1976) pp. 13-21). The water content of the skin as reflected by 
transepidermal water loss measurements was returned to normal levels (Table 
4). 

Page 3 of 4 

PAGE 4/60 * RCVD AT 12/20/2005 3:28:09 PM [Eastern Standard Time] * SVR:USPTO-£FXRF-6/26 " DNIS:2738300 * CSID:513 241 6234 * DURATION (mm-ss):20-34 


DEC. 20. 2005 3:29PM 


513 241 6234 


NO. 0312 P. 5 


Thus these three ingredients in SU 1685448 affect the enzyme 


trypsin by altering the hydration state of the targeted skin area. Applicant's 
invention does not require and by the "consisting essentially of language 
specifically excludes theophylline, lanolin, and sunflower oil, as is required in SU 
1 685448. For at least these reasons, applicant respectfully submits that 
applicant's invention is not obvious over SU 1685448, thus because the primary 
reference fails, the secondary references are not supported. 

CONCLUSION 


Applicant does not believe that there is any fee due with this 


submission. However, if any fees are necessary the Commissioner may 
consider this to be a request for such and charge any required fees to Deposit 
Account No. 23-3000. 

The Examiner is invited to contact applicant's undersigned 
representative with any issues or questions. 

Respectfully submitted, 

WOOD, HERRON & EVANS. L.L.P. 


2700 Carew Tower 
441 Vine Street 
Cincinnati, OH 45202 
513 241 2324 
513 421 7269 facsimile 



Beverly A. Lyman, Ph.D. 
Reg. No. 41,961 
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[.egression method for 
tefficacy of moisturizers 


By Albert M. KligmarMD, PhD 
Hospital cf the University of Pennsylvania, Philadelphia, PA. 



oisturizera axe used to combat the signs and 
r ,_iptoros of dry skin. Everyone intuitively 5n- 
lerstands what dry skin Is and what it looks 
Jod feels like. Investigators, however, have 
"§>een singularly unable to offer a definition in 
"icit physical terms. This reflects ignorance* 
scientific cautiousness. We know virtually 
nothing about the nature of the ordinary types of 
[ifyty skin— those which recur every winter, of the 
■fecial dryness about which most women com- " 
jlaiu. What is wrong with this skin is entirely- a 
frbattrt of speculation. Current views lack scien- 
"" A lc support and are mainly speculations. 1 .They 
e their vitality by providing a tone df sci- 
c rationality fox those who formulate and 
|jucfy5t moisturizing cream. They are,' in fact, 
~ lixats .of "creative" advertising. Suffice it to 
Jtere that work in our laboratory fails to show 
dry akin loses water more rapidly; dry skin 
ess capacity to bind arid hold water; or that 
$kin lacks those hygroscopic' substances 
phemistically' called "natural moisturizing 
'" ; " (tiMF) * Indeed, except for the outemoosjt 
ng portion of the horny layer, we cannot 
i^en say that dry skin is dry; that is, lacks water. 
jScfc. short, when assessing dry skin states 'we 
S&E?-»ot' kpow what to measure. We lack 
mS^tbdolo^ea which can furnish quantitative; 
oBjectrye Information. Perhaps the instrument 
i^tescribed by Christensen and coworkers for 
.^easjinring die visccelastic properties of the 
I^fjw'norny layer comes closest- to enabling, 
rwea^ufernents that are meaningful.* The elec-; 
S.Whygittoeter, however, is hardly feasible t&r- 
r t"0Utlae use and its ultras ensitivity ma£ be.-a'.dis- 
^9^tage. '* i- ■ 

hosc.efiin vitro methods have been 
--joped- which me$&ur^ the effects; of water, and* 
Ker suKs^ces on \he' i ^chaiupatpio^e^es pf 
isblatei ;fcbrny * jayerX These' • nAeasurements 
usualjy^c'c^ltb anff^Jiow b6niiideia"ble lab-" 
*ry pr6#es*^ to in vivo 

itio^s^ye^ of 
ie prnveefcyai ae in Sesi^ing rhblsturize^ • 
bt charactei^n^'oVy -^kin. -We must*reioi^ T to 
ical d%scxi]ptiof^.:mo^;^ wtech "are*. 

'i^rUte/o&sc^pto to* ap-\ 

-a *"" ;4i'tffe'b^,e^ ^V" M ary; sfcm" . is n&n.". 
[c"Sfli^sfe' l St haV&bo'ut the'.ietcle: seman-; - ' 


obviously "drier" after any acute in>iiry^^feysical : 
or chemical; dryness -is associate*! : wi tri. chronic 
iru^ammatoiy scaling diseases' s^cb asr. p'5otiasi& 
and atcpib detrnatltis. -This pxotp^ypV .6$.d*y "ekjn ; ' 
in^ermatotogy ii'ich^ 

tary disorders in which the Skin ..eJchibits , thick, ^ : 
fish-like scales. These h^ve.ahsclu^ly Nothing i 
in common wilh the dry- skrbJ states. which arte . . 
under coi^idemtion bexer h^ve; ^ihkker • ' 
but defective horny layer, thibugh which-watej is 
. more rapidly lost and tbey gene^l^have rnioiro- : " 
seopic features which permJt nistotogie dia'gT 
nosas- 'Agents which have kei&Wyhc' effectajsuejs > 
as : salicylic acid" and/high (60%)" cfecetitratibnr ■ 
of r^p/lero glycol" tt^ 

as Baden' find'Alper haVe'elea^.demc^f^te'd. 9 -, 
.^^ever/l.sapn^ /disagree tfritfc. Briden'a asr 
seittos dSitkeratol^^gelp^a^b^ in orV « 
dina^: : dry,' skiii syndrome* . (winter - dryness) J \ 
Tney'arc:i^ iact ofben harmful ^and in nay view 
abwo fiftely coirtlrain dicate d •• excep t f or truly 
hyne*2e«atotic 'oondationsi The "same cannon ' 
applies to 10.^.>onoentratibns of the'^lphir 
hydroxy .acids' flacfiii, pyruvic,; glycolic) recently 
ibund" J>^ Van Scott and Yu to be corrective in 
sorne achthyotic disprders. 8 It should be noted 
that.vvneri lactic acid 'is put into moisturizing 
cream* it is always'.bufEbred and is largely in the 
ionized lactate form. 

Having sta'feoVwSat we are not discussing, it is 
necessary now : to deal as explicitly as possible 
;wid^3ie common dry skin problems for which 
moisturizer* are. designed and so widely used/ 
tfi&tnf ahV dry, skin syndromes axe strongly as^ 
\ .sdciated] with specific climates. The most im- 
"■■'^brtarit by' fiur'.is the winter season of northern 
: - zones, The critical factor is low relative humid- 
;>' .ity 'arid especially a decrease in the absolute 
.\ moilsnixe content of the atmosphere; dew point ' 
= " ''is a reliable indicator of the amdnrit of water 
vapor in the air. One should read Gaul and Un- * 
derwood's account for a thoughtful clinical , 
analysis^ Wind and cold are aggravating facers 
but of lesser significance than lack of moisture*; 
ict -fche air; low ^ativ^' humidities are especially 
■jflreyalent in overheated homes and buildings " 
, .(regrettably the American standard). -A dry, ho$ • 
!t ;cli|n^ aa.in desert regions ?cori$tihites mother" 
'^■^^fienpnflilogic background in wblch;lo^M^ 


i 


iiiitM^^i^.te^;^ provoke dry skni (geamlly abetted \fx 
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excessive sun exposure). 10 U is also wo^h noting 
that the face and hands are prime targets fot 
chapping conditions .precipitated by cold ' 
wither. However, these- same areas' are also 
subject to continual assault from other sources. 
Soaps and cleansers are aggravating in many 
cases. And age is. a strong factor in dry skin syn- 
dromes other than chapping. After about age SO, 
dry skin, especially of the lower legs, is a regular 
accompaniment of the aging process. With each 
decade it increases in intensity and often be- 
tomes one of the' most disagreeable aspects of 
"old age/" Because it often itches it interferes 
with sleep, provokes scratching and Is in general 
•a major nuisance. Again, it is Tvhen the windows 
come down uy winter and the relative humidity 
falls below 40% that dry skin uf the elderly be- 
comes a troublesome problem. Finally,. the pre- 
disposition to dry skin is probably heredttable. A 
family history* L? often obtivinable though solid 
epidemiologic. data are lacking on this point, 
&omc person s never develop dry skin im matter 
what die weather. 

It is clear by now that we are discussing a 
melange, of skin problems none oi* which are 
"pure 1 * in. the sense of being provoked by.one 
lactor. The manifestations may be different in 
d I (To rent bo civ regions. A Kreat majority of 
women over 30 believe they have dry facial skin 
though this may not be obvious to the observer. 
Many adults,, especially those who spend much 
rime'cniftloOTC. suffer from chapping uf the hands 
- .and lace in winter. Housewives who. cannot 
avoid wet work, arc part icularly vulnerable to 
hand chopping. For a thorrmgh analysis Of- the 
common dry skin problems under discussion, 
one should rc.ad the excellent accounts of Cher- 
uosky\ a master clinician, 1 ' 

11 we try io characterize dry skin in mor- 
plnilugie tcn«(t we can identify several features. 
Tlie first l.s that'll™ surface is rough and uneven: 
In profile, it bus n very irregular contour. Scaling 
accounts* fur this roughness. Horny cells nor- 
mally separate* in small clusters and axe more or 
It'sx invisibly shed. In dry skin, descimumulon 
ocimi's in tin: form of thin plates and sheets, usu- 
ally attached alowr ouc* tfrige. and uplifted ox 
ended along the free margin. Thte process may 
he examined in detail by itsing the scanning 
electron microscope on silicone skin replicas." 

An object moving over this "dry" surface en- 
counters increased friction. Rough skin catches 
on clothing, especially coarsely woven gar- 
4 mcnts. Thovtgh various devices for measuring 
iiriutirtn h»v« been designed, their usefulness in 
nssessing dry skit) and its response to treatment 
is unknown. 1 *-" The same can be said for in- 
struments that measure "softness" or scratch re- 
sistance. In ureas where tile homy layer is thick, 
as on the hack, or the kriuckles» it Is easy to ap- 
preciate another feature of dry skin, namely, that 
it is brittle and hard. Middleum and Allen have 
clearly related the suppleness of the horn> layer 
to temperature and to its water concept 15 At low 
temperatures and low water content, the horny 

£8/CosmetiM ond Tollfclrtei 


layer cannot bs easily stretched. It is inflexible 
and inelastic, compromising it* ability to' 'con- 
form to body movements. An inelastic skin will 
crack and fissure. Although most prominent on 
the bocks of the hands, the same process « often 
evident on the leg?i- The cracks may cleave the 
epidermis and be subtended by inllammation 
and even hemorrhage (erythema ctaquele). Fi- 
nally, striding sca.tte.r5 light, and the reflections 
appear to the eye as whitish or greyish* This is 
very evident in blacks, many of whom complain 
of "ashiness" An the legs in winter. 

Thus we are dealing with a complex 
phenomenon comprising various optical, fric- 
tioii&l, and mechanical changes- It may not be so 
surprising, therefore, that, objective characteri- 
zation of dry skin has so far eluded us. Our 
working hypothesis is that dry skin is a subtle 
disorder of desquamation. The significant 
changes arc close to the surface. Instead of 
horny cells being shed* in invisible clusters, they 
separate as flakes or squames. Anatomically* the 
epidermis seems perfectly normal. There is 
however .some undisclosed functional disturb* 
ance which cau.se* the shedding abnormality. 
Although the manifestations oi" dry skin are 
localized to the outermost portion of die stratum 
corneum, the basic defect must be in the un- 
derlying viable epidermis which creates the 
homy layer- 
Various terms are used for the .common forms 
of dry sldn: the one most appealing to us be- 
cause it is so noncommital'is xerosis. Other 
terms with slighdy different c twin options are 
asteatosis and "chapping." This brings us to 
moisturizers and their effects.; Scholarly dic- 
tionaries do not acknowledge "moisturizatioo 
or "moisturizers ' as respectable English ter^rns. 
The venerable term; of course, is "moisten/, to . 
make w*it or moist, although "moistener" has a 
less appealing sound than "moisturizer/ 
"Moisturizer" is evidenfly a neologism of the 
cosmetic industry and has appealing connota- 
tions. However, smc*5 we do not know what dry 
skin really & or what moisturizers do, it i« the 
better part of discretion to define a moisturizer 
in operational rather than conceptual terms, 
. thus: A moisturizer is a topically applied &ub- 
stanus or product that overcomes the sign* and 
symptoms of dry skin The skin becomes less 
scaling and therefore smoother And softer, prop-; 
ci'ties which can be seen and felt 

Investigators have described in vivo models 
for assessing- moisturizers, mosdy relying .on di- 
rect visualization to estimate the degree to. 
which the original dryness is relieved or moder- 
ated. 18 Whatever else a moisturizer may be or 
do,, it has to improve dry skin. ' Some wdrkers 
have tested the efficacy of moisturizers by. hand 
washing tests in which chapping is induced by 
five daily soap washings for four day* with ap- 
plication of the test substance after each of the 
first four washings." The stere-omiexoscope is an 
invaluable aid to visualization te\ such tests.' This 
model may be suitable for testing hand citairii 

Vol. 93,<'Apffl^H 
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for use by housewives whose chapped hands tits' 
already damaged by excessive surfactant expo- 
sure. However,, hand washing tests are essen- 
tially prophylactic and may Favor creams which 
cod inactivate anionic detergents. The degree to 
which the results have relevance for assessing 
moisturizers on. native dry .skin,- say fecial dxvr 
ness or leg dryness, is questionable. For exam- 
ple, Highley and coworkers find mineral oil to 
be almost as effective as petrolatum. In our 
studies (see below) these are poles apart, 
, At present, assessing moisturizers on the face 
is not feasible* The volunteer's perception of 
dryness is highly subjective and usually does 
not correspond to the observer's estimate. Of 
course with any of these models, useful infor- 
mation can be gained regarding aesthetics, 
cosmetic acceptability and a host of other attri- 
butes which .affect "the salability of die product. 
In our studies we take no account of hedonics. 

Current Study 

, We have been trying to .gain a better under- 
. standing of xerotic conditions* This has involved 
, - years of laboratory investigation which has on 
the whole been quite unrewarding and unil- 
■luminatirig. One experimental tactic in gaining 
insight into an abnormality is to evaluate mea- 
sures which can correct or even worsen the con- 
dition. Hence Our interest in moisturizers. 

We were eonfronted with many problems, the 
first one being a suitable model- Forexnost among 
our requirements was complete surveillance of 
the treatment program. Next was ready availa- 
bility and access to volunteers with xerotic con* 
ditions, We entirely dismissed aesthetic consid- 
erations and relied on trained observers to as- 
sess the effects. We had many questions for 
which cosmetic chemists had no- suitable an- 
swers. For example, are there real differences in 
efficacy between the marketed moisturizers?. In 
the din of the marketplace it is hard to differ- 
entiate fact from fiction. Do moisturizers alter 
the abnormal desquamation pattern in. some 
fundamental way or do they merely cover over 
the condition and temporarily alleviate rough- 
ness through a lubricating and e iftol lien t action? 

Thte mo dd— general characteristics 

After studying the effects of moisturizers on 
various body regions we finally selected the 
lower legs as the test site! Winter xerosis is a 
fairly common problem in our area. Its manifes? 
rations are most striking arid often most dis- 
agreeable on the lower legs. This site is the first 
. to be afflicted in late-* fell arid the last to clear up 
in spring. Dryness of the legs is easily perceived 
Jby sight an'd feeL .The seflies^tand to be larger 
.here and the surface is correspondingly rougher. 
.." Sebaceous secretion 4s " mihuscular and there is 
r no^merference with natural "emollients" (as on 
tW face, "for example; where suriice lipids are 
. . abundant). The lateral region of the midleg, the 
territory four inches below tiie knee and four in- 
ches above the ankle is fairly large- Even more 
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territory. Below this. lower boundary there is* an 
:' irxfcreasiig: gradient of soah'nesS and dryness 
reaching a -maidmum on me-dorsunvof the foot, 
Finally, on the- legs, translocation -df -^materials 
from one side to the other .is far lessljkely than, 
say, the race and hands. Because bom' legs are 
usually involved to a similar degree, the paired' 
comparison method can be used to gfreat advan- 
tage- 

Xerosis of the lower legs is far more prevalent 
and more severe in females. While this may'rfe- : 
fleet an innate sex difference, this site is less 
protected than in troiiser-wearing.males; greater 
exposure Co wind and cold almost certainly con- 
tributes to the higher prevalence of xerosis in 
females. Light-skinned females of Celtic extfac T 
Hon (Irish-Scots-Welsh) .are particularly Vulner^ 
able to xerosis. In addition to sunbiirning eiasily^ 
these individuals have integuments which are ; 
generally 'hyperifri table. They have higher flus-' 
ceptibility to all manners of environmental in- 
sults. 

Blacks- are at least as susceptible as whites; 
one even gains the impressjori of higher prevar 
lence but this may simply reflect- the fact that 
the whitish scales are more apparent on a dark 
background. Most blacks, mVfaet, complain of - 
"ashiness" in the winter;, the use of creams and 
ointments to combat dais appearance is almost * 
universal. Some of the. popular remedies are not 
entirely benign, CarboTated -vaseline , for exam- 
ple, contain^ phenol and may worsen the condi- 
tion, through irritation'. We prefer not to use 
black subjects/because of uncertainty regarding 
the effects otkng-«rm use of ointments of un- 
known composition; ■ 

As mentioned earlier, xerosis is. a regular ac* 
companiment of the -aging process, again most 
prominently on. the lower legs. Almost everyone • .' 
over 70 has "dry!' skhrMn winter time.- For the 
first few years of the study we evaluated mois- 
turizers in elderly volunteers- We had set up a 
laboratory in a Philadelphia institution and thus 
had access, to, a, large mirnber of "a^ed persons 
with xerosis, all' living, under the same condi- 
tions: Despite theiuauifest advantages, we came 
to' understand that this population was Unsuita- 
ble for discriminating among moisturizers. Good . 
resales' were the rule for almost every formula- 
tion.-. Sometimes highly effective preparations 
.turned out to be quite ordinary when tested 
• under more demanding conditions; Our aged 
subjects mainly sat quietly indoors in a steady 
environment Wear-off Or wash-off of applied- 
materials was miniiri&L Xerosis of the elderly, 
therefore, is very easy to treat 

Accordingly, we were obliged to be more, 
realistic and to use active subjects exposed to all ' 
the rigors of winter. We recruited white female 
college students for this purpose. These were 
paid volunteers. 

With our institutionalized aged subjects; ap- 
plications were made daily, weekends included. 
Saturday and Sunday treatments were exceed- 
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ingly difficult with college students and Ve 'fi- 
nally had to omit these. To our surprise and 
satisfaction, there were unexpected benefited 
With weekend lapses it was possible^ to estimate 
the persistence, of improvement on Monday 
mornings. This f^ve. an early clue to ultimate 
: ** performance and actually strengthened the se- 
verity of the test. With poor moisturizer's the ap- 
pearance on Monday mornings may be only 
slightly or no better than originally. Good 
moisturizers have effects Which endure over 
weekends. 

it will become apparent that pur appraisal of 
efficacy, has little to do with immediate, cosme- 
tic effects. Any oleaginous material will tem- 
porarily lubricate the surface, obliterating the 
roughness and decreasing the" scattering of light 
so that the skin looks and feels smooth. By this 
criterion, all emollient creams* are virtually 
equivalent, the difference relating largely to 
ftibjectiyc preferences. We looked for more sub- 
sum live changes, raflectirig a true alteration in 
. ©pidornial physiology, By thi$. criterion '•mois- 
turizers are a ''treatment/* rather than a "treat." 

The very essence of the regression method 
entails .estimating' the persistence of beneficial 
effects after the applications have been stopped. 
. The i\r)aps? time, the time required foi the skin 
to •■rrtiim .to its original shite of dryness, in the 
wouxurb of efficacy. Follow-up observations at 
various intervals enable one to estimate the rate 
ofrelup se- 
lf must he ren){*/ed forth rightly that the 
method has lmr>«rtnm limitations. .Failure' to ap- 
preciate sources of variability may nullify the 
value of the test. The most influential factor is 
weather. Xerosis, is highly sensitive to 
mctanro logic* conditions, improving or worsen- 
ing rapidly, literally within a day or two with 
sharp weather changes. Accordingly, tests con- 
ducted m spring arc often spoiled by a few days 
of warm, moist wither. Even without treat- 
m<:nt; KeveTC xerosis- may be rapidly transformed 
into a mild condition hy nice weather, Under 
tlu\M* condition* all moisturizers ore more" effi- 
ofenU Spring is a favorable time to get good re- 
a-uUk. One .slnmlti also resist the temptation -to 
start teslr»g when the first few days of cold 
weather ia-our in th,e fall, Jhhdy heralding the 
early onset of winter. In Philadelphia, the dry 
ykin season begins in earnest in mid-December 
and .yields to tho softness of spring in about 
mid-April. Wc co ns ider January, February, and 
March to be lhi> peak months to put moisturizers 
.to the redoubtable test 

Bccrtusc of vagaries of weather and other un- 
controllable variahles, life styles of panelists for 
example, high repeatability cannot be claimed. 
Thoutfh we use a numerical scoring system, die 
values may differ when the same materials are 
evaluated at different times. This variability can 
be offset to a large extent by inauding a refer- 
ence material in every test The results are then 
interpreted in relation to the standard rather 
than by absolute numbers- Selection of the ref- 
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erence standard depends on a number of footers. 
Its performance mnst be known by repeated 
testing previously. The reference may be a ma- 
terial with unexcelled "moisturising'* capacity. 
Or perhaps it can be the market leader, or 
merely the old product which one hopes to re- 
place with a new improved version. 

If it is understood that the results are com- 
parative and relative, Variance problems are less* 
ened- The effect of sudden weather changes is 
moderated; it becomes possible to obtain useful 
results in the fell and spring a* well as in winter 
at its worst 

Proc$dur& 

A test panel consists often white, young-adult 
females with moderate to severe xerosis. In a 
standard test the agents are applied by trained 
personnel to opposite legs twice daily, mornings 
and afternoons, for five weekdays. for three 
weeks (5 days of application). Dryness is scored 
each Monday morning for the fits* three weeks;, 
tho no-treatment interval is from the last appli- 
cation on Friday afternoon to just before the Erst 
application tin Monday morning. The : follow-up 
period begins on the third Monday morning 
(three days after the last treatment}. The legs are 
graded again on Thursday (six days after the last 
application) ind again foiir days later on Monday 
(ten clays after treatment). These intervals pro- 
vide enough data to discriminate .'among mois- 
turizers. The .follow-up period may be 
lengthened in the case of highly effective sub- 
stances widi which relapse to the original con- 
dition may take two weeks and even longer* 

For .pilot studies or when it is sufficient to 
know merely whether A is better than, equal to, 
or worve than B v it is feasible to shorten the 
treatment period to two weeks. An abbreviated 
protocol is 'quite adequate to discriminate be- 
tween two materials which differ appreciably in 
effectiveness* Again; the legs are scored three, 
six and ten days after the last application. 

The xerosis is graded on a four-point scale (0 
to -3), the highest value being the most severe. 
One observer does all the grading, integrating 
the information derived by feeling and viewing 
the skin into a global score. To become a reli- 
able grader takes much experience; not all are 
suited to the job- It would be misleading' to 
contend -that the grade can be accurately defined 
with regard to physical features > Nqt all grade 3 
xerotic* are alike < Some have more cracking and 
scaling than others, 6z the surface feels very dry 
in the absence of conspicuous scaling. Persons 
w£th deep fissures or inflammatory changes 
(erythema craquele) are excluded, as axe those 
with chronic dermatoses. Frenetic , scratGhers 
with many excoriations are not acceptable. 'M 
each observation time the mean scores and star** 
dard deviations are calculated- 1 ■ ' ' .*." ■. 

The reliability of. the procedure can he, im- 
proved by keeping the observers and the'sub 1 
jects blind. In the usu^lL sense this means 'that 
the identities of the test agents are riot indicated t % 
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and are as alike as possible physically. The ideal 
would be to keep the observer from identifying 
the subject, allowing him merely to inspect the 
leg site and nothing else. We have v»ed this 
method to select monitors for dry skin studies. 
When a panel of subjects is rotated through sev- 
eral totally "blind" examinations in one ses- 
sion, the reliable observers' grade will not vary 
. very much for the same subject. 

Reuitts wHh tho regression method 

My experience with this method covers sev- 
eral winter seasons. Many types of substances 
and products have been examined. Some of the 
studies, are* preliminary, it having seemed desir- 
able to explore the subject in breadth rather than 
depth during this early stage. Nonetheless I 
know of no Studies where comprehensive ex- 
perience with moisturizers has been sum- 
marized for public scrutiny. Considering the 
importance of moisturizers to most women and 
■ ( to millions of persons with dry skin syndromes* 
the time is overdue Tor entering the test results 
into the public domain for discussion and de-.. 
bate. 

Petrolatum. 

Effect of duration of treatment Wh en it com es • 
to efficacy, petrolatum is the unrivalled mois- 
turizer No material in our experience exceeds it 
in relieving ordinary xerosis. Though it* is re- 
pugnant from the aesthetic viewpoint, it is very 
useful as a benchmark to the experimenter. Al- 
though it is a variable mixture of hydrocarbons, 
we have obtained the same results time and 
again no matter svhat the source or color, yellow, 
white or ted. ' 

We .applied petrolatum to one le§ of three- 
groups of ten female subjects each'. The .first 
group was treated For.o'ne week (five weekdays), ■ 
the second- for two' and the third for three. The 
legs were graded weekly in the treatment and 
the posttreatxnent periods. The study was ear- 
ned out in January and the subjects were mark-, 
edly xerotic. The untreated leg furnished a 
basis of comparison. 

This simple study was quite illuminating (fig.. 
I), with one week of treatment, xerosis was 
greatly reduced on the Monday morning read- 
ing- But, a week later/ no vestige .'of improve-- 
ment remained. The effect was temporary. Ap- 
plications for two weeks produced a greater im- 
provement at the first follow-up, period,- this 
time, however, the berieiGcial effects were dis-: 
cernible for at least' two' weeksV After three ' 
weeks of treatment the . signs: 6£ xerosis were, 
completely " obliterated^ however!. ■ the really no- ■' ' 
table finding was Chat 'the subjects had still h6t 
returned to the original state of .dryness three . 

w ?S ks ? fter ^ of treatment. 

we have established* that the turnover or re- 
newal time of thestraoim comeurn in.the leg.of 
youug adults is about 20 days. It takes a homy 
cell almost three weeks to make the transit from 
the bottom to the top of the- horny layer- An en- 

v 93, Aprfl 107G 
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Flgurt 1 . Effocr trf patrolarvm oppltal Ono, two' tt'f»d rftfeu WQckr " 
wttfa folloMH^i offer on*, two and ihraa WMfck Orto Vvtefc tffftdi' o 
titiui^m In dryneu but the condition tepidly r«gron« to 
♦hi origJogl ilcTo, AfW two wteb vt ttSDimenf, the Improver*!*, 
pcrajara for beyond g wt*k. Complete nla^Hi nay t£co three 
wvaki dftprifrrc* w««ki of tfeatatihr. 

tirely new horny layer will have .been .created 
during this period/ Let us suppose that &e'*e*t ' ' 
material actually corrects the epidermal abnor- 
mality that' leads to the abnormal sloughing- of 
homy cells in xerosis . Ji week of treatment could 
only have temporary. effe«tf£,,bein£-;oidy*-abaat ■"'. 
one-third as long as the time" required t& replace ' 
&e original horny layer. After t\j/b w^eks of . . ! 
treatment, however,. much of .the- homy layer 
would have been jmtj^^_and;xc!^aced by a . . J ' 
new ''healthier.' ' .'tissue. AbMrViingly; it might ■ 
take two weeks or So for kerosis Co rettiiu to- the i 
original level. Three, wtfeks of ireatrrient gives :', ) 

eyeo inon? enduring effects*- Indeed, complete 
regression to the original state was roughly ■ 
equivalent' to the renewal timtf.-.of the horny 
layer, namely abbot 3 weelcs. * ; 
. This is not. a suitable place, to speculate it 
length oh the mode otacttori of tferrolaaim. The 
effect, is not simply due to'occlusivityi that 
reduction in trans epidermal water Joss. To be ] 
sure there is less' diffusion of water, but tills ef- j 
feet lasts' only for sorhe hours after each applica- 
tion. Besides, wrapping the legs for two hours in j 
the morning and' again in- the afternoon with & 
completely impermeable plgstic film (Saran 
Wrap), has no beneficial effects whatever. Pet- 
rolatum is^a tenacious substance which stays in 
place,. tilling in the irregularities and smoothing 
< "surface 'for many hours-. Moreover, it is a 
COfnp'Jex material containing a multitude of 
chemicals. My own eonjecture is tbat certain of : 
these, have pharmacologic effects which can 
alter, epidermal physiology. That' some compo- 
nents of petrolatum can penetrate akin is evident 
by ability to cause acanthosis (thickening of- 
the epidermis) and to induce comedones.' Thus v ; 

both the physical and pharmacologic properties * * : 

of petrolatum contribute to its excellence as a 
moisturizer. ' * ; ' 

'Petrolatum, hydrous lanolin, and oho emulsions 

Effect 'of frequency of applications For conye-. i 
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nienee we use twice daily applications. Hew 
much more can be expected with more Frequent 
usage? With petrolatums we readily showed : 
that two applications were greatly superior to 
one in a two week treatment bourse. The* we 
-determined that thrice daily was ^lightly more 
effective than twice. Increasing the frequency of 
ap*>lieation. beyond this had no measujoble ef- 
fect. Six times daily was no better than three- On 
the other hand; we did not encounter macera- 
tion," though this is. often stated, without evi- 
dence, 'to be aft untoward result of too irequent 
use o I' occlusive ointments* 

In another group of ten subjects,, we compared 
Hydrous lanolin twice daily to four times daily 
00 opposite legs IW three" weejes with weekly 
iollpw^ops (fig. B). Four times daily was clearly 
better than- two. It is of more than passing inter- 
est that witli twice daily applications for three 
weeks," lanolin was inferior to petrolatum at the 
first .W low-up ■examination. Moreover, relapse 
was .swifter, with restoration to the original state 
of xerosis by about two ■weeks.- Nonetheless, 
lanolin is u quite effective TjrioisturizeT and is 
superior to most moisturising creams. It Is .worth 
noting iu passing rhht-we found several brands 
of "liquid lanotfnsv" especially those miscible 
witJj water, tn be greatly foferior to lanolin itself. 

Wc conducted similar", studies with oil-in- 
waiter ei)UiLs[on.< 'containing mineral oil as the 
major eniolJient, These are fttfiuh'ar preparations 
hi the marketplace* \Vg janremlly rmd-that these 
ptutsexM only nuidesl inoistUrizinR powers, the 
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figutb 2. TKicc wnU of iftaiftifrnf wiih lanolin comparing wo wlrh 
f-our applications dally. Four limn daily U *up*riar id two and th# 
taanflfkiot eftnef Is mar? pifEbla/il. Lanolin im lata affecrirfe fhorv'cw*- 

improvement boing no longer observable six 
days alter the Inst application and often gone 
even alW three; days. U.S.P. cold cream may be 
taken as an example and will serve to illustrate 
the type of results obtained; Using a two week 
course. Tour applications daily was greatly 
superior Xo two. Two, proprietary emulsions be- 
liuvod sfrniJ&rly- In another group six times doily 
was compared on opposite sides to four times* 
The results were slightly better with six times. 
No difference could be discerned in foux of the 
tern subject's. 

J2/Cosn»aT»e* and Td tones 


It would appear so far that with most emulsion 
type moisturizers moro frequent applications 
will ephance efficacy. There is a limit to this 
however. Beyond four times daily, the im- 
provement is generally so slight as not to justify 
the octra effort. With really poor moisturizers, 
neat mineral oil for instance, increasing the fre- 
quency beyond twice dally has no measurable 
effect. However, good moisturizing creams be- 
come more effective with more freQuent use. 
The enhancemem with more abundant use, 
though obvious, seems not to have been ap- 
preciated 

Appraisal of »i2y substances 

Moisturizers must contain oils or oleaginous 
materials to be. effective. Vegetable oils are fre- 
quently incorporated in moisturizing creams. 
Certain of these, olive oil for example, come 
down from antiquity and are still extensively 
used in Mediterranean countries. In some hot 
arid countries com oil is a favorite, especially 
■ among mothers who use it on their children. A 
variety of vegetable oils* are compounded into 
moisturizing products: . sunflower oil* sesame, 
almond, safflower, and'eustor. Vegetable oils are 
essentially mixtures oF triglycerides. 

Animal Tats, also triglycerides, aire less ad- . 
mired than formerly but are still to be reckoned 
with, especially those from novel sources, such 
as mink and turtle. These Appeal to moderns- 
• with a strong belief in "natural" products- Der- 
matologists of a bygone era recommended goose 
grease/for ichthyosis, Lard still has many adhe- 
rents among dry skin sufferers. Petroleum is of 
coutsc the chief source of hydrocarbon oils, It is 
probably sole to say that mioeral oil exceeds all 
other emollients as a major component of rnois~ 
turirers. We have utilized the regression method 
to evaluate neat materials of these various clas- 
ses- The test substance" was applied twice daily 
for three weeks with follow-ups at three, six and 
ten days. Only one leg was treated. . 
. The results with one oil from each class (min- 
eral oil, goose grease, arid olive oi)).are2ihowu in 
figure 3. We note immediately that these are 
poor moisturizers. Dryness was only slightly 
moderated at the first follow-up, three days after 
the last application. In every ease die slight 
benefit achieved regressed within a few days. 
* More perfunctory studies were done on other 
oils using two week courses' with smaller groups 
of subjects. Tlie outcomes were equally unim- 
pressive- Crisco (a hydrogeuaated vegetable oil), 
turtle oil, almond oil, and sunflower oil behayed 
about like olive oil. 

It cannot be assumed from these results that 
these oils have no place in moisturiziDjr formu- 
lations. It can only : be" concluded tbaralorYe they 
have small valuel Properly- cornpouixded P .one.or 
more are likely to contribute .significantly to.* a 
product's moisturizing efficacy:; Vfehiyfc found - 
repeatedly, especially, with :dertSu[n : .lanolm de^ , 
riv&tives, that the individual components ' Were 
comparatively ineffective^ y/hen evaUated alone- 
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lurid rig pawfc/a <vh«p qppHed twica daily for three w«»fci. Thft fio- 
fat porenthaiii th&w rhft number of elopted doyvoftcr tW» lo»r 
eppTcgrlgo. 


' but were quite useful when formulated with 
other agents including* waxes, enuiUij&ers, and 
stabilizers. For example, we found only modest 
moisturizing activity with neat isopropyl myris- 
tate. Yet this is a valuable ingredient in mois* 
him i tig creams, certainly more so than mineral 
oil. It is the entire, mix that counts. The regres- 
sion -method enables the forrnulator to ascertain 

. the. functionality of the various component?' and 
to assemble components to Such a way as to be T 
Stow upon the total composition a dfegree of effi- 
cacy which exceeds the sum of the individual 
ingredients. 5 

EwLuatton of proprietary prvafns 

It seetned highly desirably to gain an idea of 
die moisturising efficacy of formxilorJons. which 
had achieved prominence in the marketplace. 
Obviously we* could study only a few of the 
.many available products. We wanted to learn 
whether there were real differences amqng 
commercial moisturizers- Wc wanted also to. . 
know how well these performed in comparison 
to specified 'substances such as lanolin. An en- 
terprise such as this has built-in hazards and in- 
evitably raises Questions of impartiality. The 
choice of test materials was arbitraxy. 

I will invoke the doctrine- of discretion a£ an. 
ftpojpgy for not revealing brand' names. We. * 
■ picked an "elite", facial moisturizer and a hind- 
body cream : fcu7nuIatibri/Eac^ 
ceptanoe in the marketplace! "But-jmore. iionpor-r: 
tanfly' both ..perform. o^d^Bmtety'-^l^w^th ■.tn , e J . 
^^ 5Si j? : ^ W0< ^*1? 1 ^? f??/*"k*ve serySo/aS usefuT"; 
i^F^?^! for^a^^siSfe-.btheV proprietary -/ox- ; 
. ^fetiorit/As/^.matfe oEb&aitce leiniesssCy that 
^Jifesh^ales. WlurAe'is;': an ■ iihreTiabl e indicator, of 
^ ofi^itiifjzixi ^ .e^ca^/; jtits' Jxhcliides ;$o-caIle d- 
r are ve^'orilfc 

r .' a :; '^r^s^bri'Tsepa^ of tin" subfects are* 

; ;: t ^ w^3f^^^^r^"^i ifhe : agents were applied 
■.' {>JJb. one v lejf 'i^^i^aX^'fyx three • weeks*: There: 


Hguta 4. Two si/ccw(vl proprioriory prafefeffc; .«ha'a' hVntf&c^yt ; 
era am pad-ttr? other q fot» ihowlMbdbhita sfftjetiveneu.'; 

AppredabI* tfopYOVvnjenr p*0|*1» "fw * aiW compUt* 'e&gr*M 
liOnhtu »rt II pot occurred a He'r lOtfayi t *. ' .*" ' t , 

was no statistically significant tfiffereuce' beL 
tween the two. Both had aprtfeeiable: irfoitftarizf : 
ing efficacy and were ^superior fy\ $8 
creflurt but less effective, tJdaii 1 ad bliti I } H y* . 
drophilic ointment" U.&R rai^so^nieVhef^; be- 
tween these and U.S.P. cold , ciA^^(fig/^i.'thai!'^ * 
to say,, it is niod^stly active as a .moisturised .' _, - " 

b^**^ y rtTg <v mniirt-JLi, • / " . J' ''. \' " 



" Figure 5* Col J er^m # .U"-S.P. / /fyp1cd'af:rnttriy minWol oW*^q*od 
meiilurizcri, hot vn^ ((mife'd^bafly to 6vBfeQEne*}»fii3. Hydrophl&c 
oJ f^m«^ U^5-P - !■ cup nrf&r W H^r^-Q^air m«~i>vrtur. 

. It woiiTd seern in any case tKat the regression 
method :hai' sujeqitate powera of discrimination. . 
.ietweetx tbe rnost' and the least effective for- 
mula&nsjirhefe -is a considerable range. This 
rriay be-^suitiible nlace to present a synopsis of 
^uidus.rmdiASs. • ", 
• ;•■ -Most dry' skin creaw based on mineral oil are 
less .'effective, than IKS.P hydrophilic ointment /• 
■Tbey. are only f aic mdisturiters. 
• 'Some p n>pixturixers are available in lotion and v : 
cream forms, the former hein% o/w emulsions of ] ^ 
leaser viscosity but greater cosmetic.. . 
ce^tabilityl We ' compured Keri Lotion 
.(Westwood) to Keri Creaal iu a twice daily two " 
. Week course on opposite' legs; The creain..*was* \ 
supprier,* though not strikingly so ? ,In .geneta'ith.t j - . 
greater 6ie conceritratitf n 'of ott 7 "tf e greater the ■ . 
eifficacy. TThiS iV indeed Che cornpoundeV £ di^ . • 
ie^icna; oilier formulations are ' general/ more . 
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^eff^ct^vebxit less attractive. . ,. ^C^^K--"- .' 
• Moisturizers customarily cohtaiii' nu^ej^taii^ " : 
hydroscopic substances which* are su£;pjbsedv& 

:faind and retain water. Tw6^6f thcsei^iavfi re- 
ceived a great deal of atte'ritibtr'.re^Vrtl 91 sodhirn 

. pyrrolidine carboxyliei acitf anjd sodium lac- 
tate- 1 *' I * ! T^ie*.^'e/genenill)f incorporated in 

'creams at : fcbottT 5%: concentration. We have 
taicen some pains to conduct paired comparison 
tests on opposite legs, using the same creams 
with and without these* hcumeccatits as prepared 
» by ; the iiiaaufacUVrer. in "ho. instance have we 
been able to shov*": a beneficial effect from the 
presence of .eiihWfc of these substances. Both to~ 
; .gcrtier and e^b* one alone in no way* improved 
the pexfornwiK^ : 6f;the'base in which they were 
incorporated.. . 

' Likewise -the .-atfditvpn of 10%. propylene 
1 ;|^ycol f ;l-(>9S.j^ycerorl.tind 10&. sorbitol has given 
no evidence of : improved efficacy when each 
was incorporated iji U.S.P cpfd cream," 
. Urea* is. a special .case in that* it has additional 
*. -propertied : §ftcU as the ability to 'disperse pro- 
teins*. Urea-c6hta»ininj creams are quite popular 
at present.' I4iave.conxfucted at least a half dozen 
pajrad'coinpxrisj5rv-tests with 10% t 209b and'eveo 
'3.0%..concetitrStvoi of urea -against the base 
, alone. Various 'market moisturising creams were 
. utilized in these : conip5»rwibr\^ In no instance his 
' it been; possible: td detect any benefit from the 
;urea. Witji'.h^h- concentrations stinging aifid 
even mild imra&bn may-ileVelop,,' especially in 
subjects with fissures or pruritic skin wltfcJx has 
'.been- heavily ' scrafched^t lie re 1 ' are reports of 
benefits from im:a-corifciinmg oreanw in patients 
with various typtfs oV ichthyosis..™ lii ordinary 
dry skiri syndromes* the'Use of urea cannot be 
Justified. , . 

Effect oj (lose 

There seems to have boon* no serious eftbrt to 
determine whether the effectiveness of mois- 
turizers is dose dependent, and whether in- 
ercaying the amount applied will incieuae the 
beneficial effect. The slope of the tlose T re5porise 
curve may convey important information -re- 
garding the potency of the preparation. Will 
doubling the 'amount provide a correspondingly 
large degree of improvement!* Then too what is. 
the -threshold level, the least amount which: will 
yield a palpable eflect? In short, does it make 
<mudi difference whether one is abstemious ,or 
extravagant in uring moisturizers? : . ( 

With sunscreens we have found that the" 
amounts individuals apply to just cover the sur- 
face depend very much on the nature of the 
material. Solutions are IikeJy to he more gen'er- 
OvUy used than emulsions and emulsions more 
than ointments. Greasier materials are more 
thinly, applied. With U.S.P. cold cream we bave 
found that about 0.50 mi will just cover the 
lowexleg between the knee and the ankle of the 
average female. Rubbing that amount over this 
: area ff>* 15 seconds leaves a thin film, barely 
palpable to the subject. Oh the other hand, 1 . 
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:6f that cream is a goodly amovnt, while 2 ml is 
gseatly in excess of what the most onQ)\isiajtic 
'user would ever apply. Using these quantities as . 
rough guidelines we compared various mois- 
turizers on opposite legs, varying only the 
amounts. The agents were applied twice daily 
for two weeks with follow-ups at three, six and 
tea days. 

With petrolatum 1.0 ml was questionably 
better diao 0.50. However, 2.0 ml was certainly 
no better than 1.0 mL What is the minimal 
amount that will produce, a palpable effect? We 
massaged ml of petrolatum into the area and 
then removed the excess by thorough wiping 
with facial tissue. The control leg received 0.5 
mi in the usual way. The latter was more benefi- 
cial. Nonetheless, the wiped side did improve, 
perhaps to the degree ofa moderately effective 
moisturizer. Hence, very small ampimts of pet 
rolatum produce perceivable improvement. 

With hydrophilic ointment U.S.3P., 1.0 ml was 
greatly superior tio 0.50 ml. The latter was really 
ineffective. 2-0 ml in turn was superior'to L0 ml. 
In this cose, improvement was strongly dose de- 
pendent. 

With a foir-to-poor moisturizer like U.S.P. cold 
cream* 1.0 ml was no better than 0.5 ml, neither 
of which were impressive. With 2.0 ml, effec- 
tiveness was clearly enhanced but not greatly. 
Here, liberal applications added only slightly to 
efficacy. 

Wijd\ the proprietary facial moisturizer rnefi- 
tioned above, 1.0 ml was superior to 0.50 ml and 
.2.0 ml was better than 1.0 mi- Here v generous 
application, greatly enhanced effectiveness. 

It seems that dosage-re^ Onse patterns aire 
strongly influenced by the nature of the test 
material. With heavy ointments , large amounts 
add little* Liberal application of poor moisturiz- 
ers does not transform these into effective prod- 
ucts. On the other hand, generous use of efiee* 

* tive emulsions measurably improves the benefi- 
cial effects. In short, the deficiencies inherent in 
poor creams cannot be overcome by using large 
amounts while more liberal use of good mois? 
turners enhances effectiveness. ' 

- Comments 

It may. be useful to summarise the view* 
which liave condensed put of this rather des-ul- 
; torjr foray into the. lush field of moisturizers* Qixr" ; ; 
• ignorance. -Is still vast and the opinions; tff be; 
proffered ai?e -both .personal and tentariye^We^ .v 
. have alcleaie* understanding of wha| mpis,turi^ 

• e"rs'do;ttOt do , Wrfuafly all' mo Wrizirt|£^ 
.arc emulsions .which " contain, water as; > n\( 
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can be shown; by uiinieirs^^tte dry leg SnVtfStter 
fi>r five TOineie ^OToH^i'Dc^im"e>-a«^ * * 

intervals {w&VWe^mifj^ 
■ .aver- in relieving ' tb e -xerosis* 'Afferf Jfl^ASftiift^ * , 
immersions ,: jthei hriiny layer >rilV dry -out ^rj^^fM 
r31ctely in aiovt 20: mxriutes-in h^t&^^ia^^rj}^ 
-. *' * *■ . : V:\ v.; 
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Clearly it is not the function of moisturizers to 
deliver water to the skin. 

Of course, the most effective moisturizers, 
ajihydrous lanolin and petrolatum, have little or 
no water. Perhaps they "moisturize" indirectly 
by retarding loss of water? Thick oleaginous 
substances such as these ate said to be occlu- 
sive. To be sure, petrolatum in sufficient thick- 
ness will prevent diffusional water J<?ss, How- 
ever, under ambient conditions, of use, this ef- 
fect docs hot last for more than a few hours. Ad-, 
ding to the considerable natural barrier to water 
loss provided by the homy layer may contribute 
to the efficacy of petrolatum. This cannot be the 
case for. lanolip. At normal levels of application 
{about 2.0 mg/cm 5 ), the occlusivity of lanolin is 
.. slight; the effect is gone within half an hour. 
Lanolin is rather permeable to" water. Thus 
greasfness is not the whole story. Goose grease 
■is -greasy in tho.extreme, yet it is ineffective as" a 
moisturizer. 

My conjecture is that effective greases resist 
wear-off,, reduce: iViCtton and .roughness, and 
perhaps rn ost importantly of all contain sub- 

- stances which cross the horny layer barrier, al- 
tering the epidermis so that it does .not de- 

' Squamnte abnormally when the dew-point is 
low. I hold thaE moisturizers; have undisclosed 
■ .pharmacologic effects on epidermal physiology. 
1 shall merely • mention here that microscopic 
examination of^skin- which has been "cured" of 
xerosis by petrolatum gives no due of what Has 
been wrought 

• A distinction can be made between immediate 
and persistent effects, All oleaginous substances 
are emollients and with frequent application can 
nmsk or cover the manifestations of dry skin- N,o 
moisturizer can be said to be completely ine& 

• fectiye if one is satisfied with immediate bene- 
fits. They all make the skin smoother im- 

• tnedi&tely after 'application. These temporary 
effects are, the ones' which can he easily mea- 
sured in vitro on tile horny layer, a quite dead 
tissue by the way. Consumers are largely unable 
to. differentiate among the moisturizers which 
haVs only temporary masking effects and those 
Which bring about a physiologic change which 
endures. It can be argued that the distinction is 

. unimportant— relief occurs each* time the cre^m 
is applied; "My bias is. that products which* cor- 
rect the basic defect., underlying xerosis' are.; in 
fact more helpful. Trie merit or tbe regression 
.method is that- it permits, in a moderately objec- 
tive way,] the .recognition: of rtroisturizers .with' 
'feue biblogio effects. It provides-^ more reliable 
. ;^*efl^'-bf "dificninmatJng among, moisturizers as 
, cdmpared< to; test "marketing. Subjective re- 
s^nsc* 'are replaced 'by objective observations 
•\ <fn ai/experim^tali controlled" setting. Though 
;'• ^Sitfce ef^.c^ .are judged clinically, rather than by 
l v^£!fjS^ mea^'are afforded, for* 

fowjblattng'bettefm^ The 
& ^ y * < ^^or*o? a ^" 0 ?? turiz*ef is still an art, a trial and 
V?* ; ^^^-^e^eavbrV rei'ting on a weak scientifjc 
jlH^&u^a^oja-^^ jit at a desk and com- 
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PO?6 a; s^'er^^by ^nze'r j dn rational p'rinew - ■ ; " 
plea unless oT boura^ In ■' 

that cstse .the: problem *T# :sirtVe.d: Peirolatimi is 
matchltfssr ; ^ t . 

On the .other hand, the regression; metfcod- '.. "*}. 
does enable one to* assess'me cofctrib^ s " h 

by die individual comppnehfe.'ofVois'turiJc^rsj .; . ■* 
many of these contain .more than a doze^hjigrer 7 \ -. « ; 
dients, Th'exe 'can be little doubt thatJtJic Icdh- . ' 
stituents are often chosen to suit pomJax\preju- ' 
dices or to satisfy the fantasies or rharketirig, • 
men. -Is the inclusion of vitamins >C : C*ahcL'Dv* ' - * 
■justified? I would" wager that the'ri xemoval : ■ : ■/■ 
would not matter at all. Likewise, ..the "erifprrasis " .. 
on the "natural moisturizing factor'' (N.MiFl)/has ! ; * • 
produced patents* publicity arid products* • . 
^erythihg hut proof of efficacy: ' t \'< : V r 

While we lack the intelligence tq> forrnulate , : , • 
moisturizers rationally, the leas t that 1 oaii he iai&v : - . 
for tbe regression method is tKatit heTtis to'-cB^ \ . . . '; 
card the irrational. ' : . ■ : ; ' 
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[37] ABSTRACT 

Novel xanthine compounds rep resented by the follow- 
ing formula: 

A* 

wherein each of X> and X 2 independently represent* 
oxygen or sulfur; and Q represents; 

(Abstract continued on next page.) 
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etch of Ri and R 2 independently represents hydrogen, 
tower alkyl, *11y| or propargyf; and R 3 represents hy- 
drogen or lower alky], and when Q represents the 
groups other than 


fT* (CWa>, 


each of R* and R 3 Independently represents hydro- 
gen or lower alkyl; 

provided that when Q is 



then R\ R 2 and R 3 are noi 

where represents a single band or a double bond; Y cimutaneously methyl; and phannaceuiicaUy accepr- 

represents a single bond or alkytenc n represents 0 or 1. able sails thereof have a diuretic effect, a rcnal-protect- 
each of W > and independently represent* hydrogen, in$ effect and « bronchodilatory effect, 
lower alkyl or amino, Z represents — CHj-, — O — , 

— s — or — NH— ; represents II Qalma, No Drawing* 
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ID 


IS 


where- — represents i single bond or a double tend; Y 
represents a single bond or alkylate, n represents 0 or 1 , 
each of w* 1 and W 2 independently represents hydrogen* 
lower aJkyl or amino* Z represents — CH2 — , — - O — , 
— S 1 ox — NH — ; such that when Q represents 


30 


Xanthine derivatives -continued 

This application is a continuaxton-in-part of appUca- 
oon Ser. No. 574,447, filed Aug, 29, 1990, now ahan- 3 
doned. 

BACKGROUND OF THE INVENTION 

The present invention relates to novel xanthine com- 
pounds having a diuretic effect a renal -protecting effect 
and a broachodiUtory effect. 

Heretofore, theophylline. l^irathylxanthine 
has been known as a diuretic, a vasodilator, etc. [The 
Merck Index, 10th edition, 9110 (J983)]. 

Xanthine compounds carrying! it the S-posftton 
thereof, subMiluenU such as alkyl, alJ cyclic alkyl, and- 
kyl, eryl, etc have a diuretic effect, as disclosed in East 
German Patent No. 31,772 [Chexn. Abst, 63, 18120d 
(1965)]«id Wat German Patent Na 1,245,969 [Chem. 
Abst., 67, 90994n (1967)]. 

In relation to the compounds of the present invention, 
SH1-adamantyl)-l,3,7^riineihyJjtanthlne is described in 
Tetrahedron Lett., 27, 6337 ( 1966), However, nothing is 
mentioned on its pharmacological effect. Further, 8-(t- 25 
adanumyl)-l t 3^propylunthine having an activity of 
antagonizing adenosine A) receptor Is described in J. 
Med. Chem., 33, 1906 (1990). 

The object of the present invention is to provide 
novel xanthine compounds exhibiting strong diuretic 30 
and renal-protecting effect, based on the finding tint 
xanthine compound* which arc adenosine receptor an- 
tagonists, particularly those having an activity of selec- 
tively antagonizing adenosine Al receptor, have strong 
diuretic and renal-protecting effect. 35 

SUMMARY OF THE INVENTION . „. J , . 

each of R >, R2 and R* independently represents hydro- 
The present invention relates io a xanthine compound ge n or lower alkyl; 

40 provided thai when Q is 



CCKi), 


each of Rl and R* independently represents hydrogen, 
tower alkyl. allyl or propargyl, and R 3 represents hy- 
drogen or lower alkyl, and when Q represents groups 
other than 


represented by the following formula (ly. 


ll 


45 


N 


wherein each of X 1 and X 2 independr 
onygen or sulfas *nd Q represents: 



"CO 


then R», R 2 and R3 are not 


simultaneously methyl; referred to as "Compound (I)" 

ntly represenis 5Q and Compounds with other formula numbers are like- 
wise referred to], or a phannaceutscaOy acceptable salt 
thereof. 



(CHj). 


53 


DETAILED DESCRIPTION OF THE 
INVENTION 


In the definition of the respective groups in the for* 
inula (I), the lower alkyl includes Slraighl Or branched 

mlkyl having 1 to 6 carbon atoms, for example, methyl, 
ethyl, propyl, isoprapyl, butyl, Uobuty], sec-butyl, tert- 

60 butyl, penty], neopentyl, hexyl, etc The nlkylene in- 
cludes straight or branched alkylene having 1 to 4 car- 
bon atoms, for example, methylene, ethylene, irimctny- 
Icnc, tetram ethylene, roeihyltn ethylene, propyplene, 
efbyleihylcne, etc. 

69 The pharmaccntically acceptable salt of Compound 
(I) includes phanniceu deal ry acceptable acid addition 
salt, metal salt, anunonium salt, organic amine addition 
sail, amino acid addition salt, etc. 
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The pbAnuaceuticAlIy acccpuble acid addition salt pf No- 41 JB3/B4] with carboxylic ttid (HI) or a catboxybe 
Compound (J) includes inorganic arid sail such as hy- acid reactive derivative. 

drochlonde, sulfate, phosphate, etc., and organic acid The carboxylic acid reactive derivative includes acid 
salt such as acetate, maleate, fumaratc, oxalate, citrate, halides such as add chlorides, acid bromides, etc, ac- 
ctc - . 5 tivc esters such as fMWropheny) ester, N-oxyiuccini- 

7ne phannaceuiicaUy acceptable metal wit includes mide eater, etc., add anhydrides commercially available 
alkali metal salt such a* sodium salt, potassium soft, etc, or those formed from carbodiinucta such as l-ethyl-3- 
alkaline canh metal salt such as magnesium salt, calcium (3^7qethy]ammopiopyl)cArbodmidde f dihopropylcax- 
salt, etc., and also aluminum and zinc salts. bod timid e> dJcydohexylcarbodiimide, etc.; mixed add 

The pharmaccutically acceptable ammonium salt. id anhydrides with monoethyl c^rbooaxe, rhOnOfcobtttyl 
includes uhs of ammonium, tctrametnylammofiium, carbonate, etc. and so forth. 

etc* The pharmaceatically acceptable organic amine The reaction of Compound (ID with Compound Oil) 
addition salt includes addition salts of morpbahnc, pi- is carried out without any solvent at a temperature of 
peridlne, etc, and the pharmaceutical] y acceptable 50' to 200* C In the case of using the carboxylic acid 
amino add addition salt i nclude addition salts of lysine, 13 reactive derivative, the reaction can be carried out ec- 
glycine phenylalanine, etc. cording to a process usually used in the peptide cbemis- 

A process for producing Compound (1) of the present try. For example* the reaction solvent is properly se- 
invention b described below. lecied ftvro balogcnohydrocaxbuiu such as methylene 

Compound (1-1) which is Compound (J) wherein R* chloride, chloroform, dkftkrrocthanc, etc, ethers such 
is hydrogen, ts produced by the following production 20 as diounc, letrahydrofuran, etc., dmiethytformannde 
steps: and dintethylsulrbxide, and Ef necessary water it u&cd- 

X 7 x 1 

j X ^™»> > ± I 

<W <iv> 
<S!tp3) |^Q— CHCXV) ^<&op2> 


^ (Step*) 

(I HiNCHiQQfni) ^ N | 

1 — <§^15 — > x 1 

K ^H*i X^ N "^NHCH2Q 

(Vil) (IX) 


wherein Ha] represents halogen such as chlorine* bio- 60 The reaction temperature is -80' to 50* C ? and the reac- 
mhie or iodine and R 1 , R 2 , X 1 , X 1 and Q have the same tion is completed for 0.5 to W hours- Sometimes, the 
meanings as defined above. reaction may be favorably carried out, if rxeces&Ary^ in 

§ |CD j the presence of an additive such as I -hydroxy benzo- 

^ triezoJe, ete M or a base such as pyridine, Iriethylamine, 

A Compound (IV) can be obtained by reacting a 65 divnethytuunopyridirte. N-meOrylmorpholine, etc. Fur- 
uradJ derivati ve (II) obtained according to a well ihcrrnore, the carboxylic acid reactive derivative may 
known process [for example, the process disclosed in be formed in the reaction system and used without isola- 
Jananese Published Unexamined Patent Application lion. 
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Sirp 2 diju,e hydrochloric acid, etc. in a solvit inert 10 

a h-jp^ ^ , nui w . ^ , _ lnc reaction, for example* ft loweT alcohol aueh as meth- 

^ a ? POU " d 1 (I " 1) * Obumtd from Conv anal, ethanol, etc. usually at . temperature of from 

J^iP^ L ,h lI? C,km u hC ° f * room temperature 10 the boiling poinior the solvit, 

(process AX by treatment with a dehydrating agent 5 

(process B), or by healing (process Q. Seep 7 

yJSJ!^ prefe ? bk irt J T< ^ A ' tJkAlj A Compound 0 2) which » Compound (I) wherein 

hydro^MJw such uiod^ hydroxide, potassium by- Ri i, a j 0wer aJky] group can be obtained through the 
droxede, etc. can be exemplified. A* the reaction sol- followmg stem ^ 
vent, water, lower alcohols such ai methanol ethanol. 10 
etc*, ethers such as d tonne, tetrihydrofuran, etc, di- 
methylformamide, dimethybulfoxidc. etc. can be UVd J 3 
aJonc or in combination. The reaction is carried out at a JJ .... 

temperature of from room temperature to 1BO' C_ and is N ]T \ . 

usually completed Tor 10 minutes to 6 hours. 15 .1 1 r" Q effip?) 

As the dehydrating agent for use in the process B T x 1 *^ N 
thiony] balides aacb as thionyl chloride, etc, ntd phoa- L 
phorus oxyhalidcs such is phosphorus oxychloride, etc. 
can be used, and the reaction is carried oat at a tempera- r>i) 
tore of from room temperature to I BO - C without any 20 

solvent or in a solvent inert to the reaction, for example, x 2 ^i* 

halogenobyd rocarborw such as methylene chloride, rJ Jl^ J T 

chloroform, dlchloroeibane, etc, m'methylfornwnhle, ~ 


»»,w< u>, lihuivtwiuiuic civ,, uiiucuiyiiMfnuujllUe, N |T^* v 

cHmtfhylsuUbxsde, etc. and is usually completed for 0.5 


uuiKinyuuuaxuie, ac. ana is usually completed for 0,5 I 
to 12 hours, y X 1 ^^ w 

In the case of process C the Compound (1-1) can be | 
obtained by heating Compound (TV) at a temperature of * 2 
50* to 200* C. in $ polar solvent such as diincthytsuifox- „ , 

idc, dimethylfonaamide Dowthermo A (product of 

Muiemaefai Kagaku Kogyo K*h)u. Lid.), «=«c 30 whercjn R i, R 2 x i. X J „ a Q b»v e * e s.™ meanings 

Step 3 ** defined »bovc, R 3 * represents lower ilkyl in the defi- 

no 1 !?!??^ ^i^™^!™^ "f^ 6 ^ °Afc!lS compound 0-2) «n be obuined by r» CI 

« -c * a of - 2 <r ,o .oo- 

oW ordVitnes , etc are used. 
Step 4 As the base, an alkali metal carbonaic such as sodium 

A dnired Compound 0-1) e« be obuined by tab- *> ""^S ^ " ^ 

^ ~ r\n\ A ' ^ -j .. . hydride inch as sodium hydride, etc. and an alkali 

^ ^ " ° XldaUVe CyC,1Za,l ° n **tal alkoiiO such as .odium metioxide, sodium 

As ihe appropriate oxituxing agent, oxygen, ferric ^jf*?^ ^ 
chloride, ceriumlV ammoniunT nif^le, diethyl azodL 24h™ tcmperMturc of ^ to 180 C usnal, y r ° r0 ' 5 t0 
carboaylale, etc. can be exemplified. The reaction Is 45 ^ 
carried our by heating Compound (VI) at from room Step B 

lemper&ture to 1 80* C- in the presence of ihe a fore-men- ~ . /r « U1 . - _ . , . „, 

doncd oxidizing igent and, IT necessary, a soKent . Compound (M) which is Compound (1) wherein X2 
incn to ihe reaciioil for example, a W alcohol such u Bulfur ' ^ ^ obUmcd ^ thc *tep. 
as methanols ethanol, etc, a hakigenohydrocarhon such 30 
as methylene chloride, chloroform, etc., or an aromatic o » J 

hydrocarbon such as toluene, xylene, mtrobenascne, etc R' i 


N 


<s«pe> 


R 1 
U-3) 


Step 5 

A Compound (IX) can be obtained by reacting a 55 
uracil derivative (VII) obtained according to a well I 
known process, for example, the process described in 
Japanese Published Unexamined Patent Application 
No. 5082/86 with an amine (Vlfl) in a solvcut inert to 
the reaction, for example, a lower alcohol such as merh- 60 s r j 

anol, ethanol, etc., dtmethytforpHjnjde, dhDethylsalfox* r> JL 1 

idc. etc. alone or in combtnation thereof at a tempera- 
ture of 50" io 150* C. 

. 

A Compound (M) can be obtained by reacting a R2 
Compound (DC) with a nitrosaxing agent such as sodium |M) 
nitrite, isoamyl nitrite, etc. under an acidic condition 
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wherein Rl, R* f R>, X' and Q have the rame meanings 
as previously defined. 

A desired Compound (1-4) wu prepared by reading 
Compound (JO) which is Compound (J) wherein X' U 
oxygen, with an appropriate Intonation reagent, in an 
inert solvent. As the thionstion reagent, phosphorus 
pcntasulfide and the like are mentioned. As the advent 
dimethyl fonnaznide, tetrtAydrofuran, dioxane, etc arc 
mentioned, and preferably pyridine and the like are 
used. The reaction to carried out at a temperature or SO* 
to 180' C. for a period of 10 minutes to 36 noun. 

Step 9 

Compound (1-5) which is Compound (0 wherein RJ 
U hydrogen and X 2 is oxygen, can be obtained by the 
following step. 


8 


n 


H 
I 


A»ytatini 
<£p9) ^ 


rx) 


O H 


N 

a*) 


Wherein R J , R 1 , X 1 and Q have the same meanings as 
pirvippsty defined. 

Compound (1»5) can be obtained by reacting Com. 
pound (X) obtained according to a similar procedure to 


Steps 1 to 6 with an equifnolar amounT of an alkylating 
agent, if necessary, in the presence of a base. 

As the alkylating agent, alkyl haltdes such as alkyt 
bromide, propargyi bromide, etc, sulfonic add esters 
5 such as propargyl p-toluenesuironaie, ally) methanesu]- 
fonate, etc. are used 

As the base, an alkali metal carbonate such as sodium 
carbonate, potaatiuiD carbonate, etc, an alkali meul 
hydride soch as sodium hydride, etc, and an alkali 

10 metal alkoxidc such as sodium meth oxide, sodium 
ethoxidc, etc are exemplified. As the reaction solvent, 
!o*er alcohob such at methanol, ethanol etc., ethers 
such as dioxane, tctrahydrofuran, etc, dujiethylforra- 
aniide, dimethytinlfoxide, etc can be used alone or in 

is combination. The reaction la carried out at a tempera- 
ture of from room temperature to ISO* C. and usually 
completed in from 10 minutes to 6* hours. 

The Entermediates and the desired compound ob- 
tained according to the aforementioned processes can 

90 be isolaied and purified by rabjectinj them to a purifica- 
tion process usually used m the organic Synthetic chem- 
istry, for example, miration* extraction, washing, dry- 
ing, conccntnraon, recryitaDization, various chromato- 
graphies, etc The intermediates can be used in the suc- 

23 cessive reaction without any purification. 

Salts of Compound (I) can be obtained by direct 
purification when Compound (I) can be obtained in a 
salt form, or by formation of a salt according io a usual 
procedure when the Compound (I) is obtained in a free 

30 form, and a subsequent purifies rJoa. 

Compound (I) and h& pharmaccutically acceptable 
salts sometimes exist in an adduct form with water or 
various other solvents, and these addueis arc included 
in the present invention. 

35 Optical isomers may exist with respect to Compound 
(I), and all the possible fiereoisomers and their miitures 
are also included in the scope of the present invention. 

Specific examples of Compound (1) are shown m 
Table 1. 

TABLE 1 


Til X 1 
^ ft 

N 


DO 


CdftipOmd No. 
(Emnpte No.) 

I 


2 

0) 


3 

(2) 


R' 


w-ClHt 


R* 


o o 


o o 
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10 


.i *' R' 

. Tx>-< 

R 1 


H 


X 1 X 1 


O 0 


o o 


B 


6 

(3) 


O O 


7 

(4) 


O O 


9 


10 

0) 


O O 


n 


P-C1H7 d^jHt 


o o 


12 
(9) 


D-C3H7 ii-CjHt 


*NH 2 


O O 


o o 
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ii 

(14) 


Table i<onimu«i 


K 

C^nplcNa) R» *» RJ Q x' X 3 

(10) v v 


IT o-CjH 7 D-C3H7 CH» 

<I3> 


22 to-CsHi n-CjHi »C>Ht 


*9 



H \ / H 


O D 


(12) 


I 9 n-CjH 7 d-C^Ht CH 3 _ OO 


30 0-QH7 n-CjH 7 CHj ^ O Q 

(13) ^ 


21 I1-C1H7 ""CjH7 C1H5 ^ OO 

(16) Ji 


<1») „ 
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X 1 X* 


09} 


26 
CZ1) 


17 
(22) 


21 


19 
<24) 


SO 
U5) 


31 


(2?) 


33 
PR) 


&-q>HT 


CHj 


c a K, 


CH 3 


CH, 


C2H3 


n>C|H T »C)Ht 


s 0 


o o 


Q G 


O O 


o o 


o o 


s o 


o s 


s s 
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tEmnpfc Wo.) 


R* 


02> 


CMS C-CMj- CHi—CHCMr- 



Com pound (I) and its phaxmaceutically acceptable 
uOts hive an activity of selectively antagonizing adeno- 20 
line 

A\ receptor, and thus ethtbit, a diuretic effect, a re- 
rtaJ -protecting effect a bronchodilatory efTect, etc. 
Compound (I) and Us phartnaceuticaUy acceptable salts 
ftrc useful as a diuretic and roal-protectiog agent, bron- 25 
chodilatory agent, etc, 

The pharmacological effect; of Compound (I) arc 
explained, referring to Test Examples. 


Test Example I, Acute Toxicity Teat 


30 


A test compound (300 ing/kg) wu onUJy adminis- 
tered to male dd-strain mice having a body weight of 
20±i g (3 animals/group). Minimum lethal dose 
(MLD) of the compounds was determined by observing 
whether or not the nke were aUve after 7 days of the 35 
administration. 

With respect to Compound No*. 1—3, 7—1 1, 13 — 18, 
20 23, 24 and 31—33, the MLD was more than 300 
mg/kg, and with respect to Compound No. 12, that was 
300 mg/kg. This show* the toxicity of Compound (l)h 40 
weak and can be administered safely over a wide range 
of dosage. 

Test Example 2, Adenosine Receptor Binding Test 
1) Adenosine Ai Receptor Binding 

This test was conducted according to the method of 
Bnmi et aL [Proc NatL Acad. ScL, 77, 3547 (1980)] 
with come modification. 

Cerebrum of a guinea pig was suspended into ice 
cooled 50 mM tris hydro* ymethyl axninomeiharw: hy- 
drochloride (Tris HQ) buffer (pH - 7.7), by using Poly- 
tron homogenizer (manufactured by Kinemauca Co.). 
The suspension was centrifuged (50.000 Xg, 10 min- 
utes), and the precipitate was reauspended by adding 
the same volume of 50 mM Tris HCI buffer. The sus- 
pension was cetitrifuged under the nine conditions, and 
the precipitate obutnert was snipended once again by 
adding 10 volumes of SO mM Tris HCI The tissue sus- 
pension was incubated at 37* C. for 30 minutes in the 
presence of Q.Q2 unics/mg tissue of adenosine deaminase 
(manufactured by Sigma Co.). The resulting tbsue sus- 
pension wu reccntrifuged (KJlOOOXg, 10 minutes), and 
50 mM Tris HO was added to the precipitate to adjust 
the concentration of tissue to 10 mg (wet weigh1)/mJ. 

To 1 mi of tissue suspension prepared above were 
added 50 u) of PH] cyclohexyladenosme pH-CHA, 27 
Ci/nunol, manufactured by New England Nuclear Co j 
(final concentration -1-1 nM) and 50 nJ of lest com- 


pound. The mixture was incubated At 25" C for 90 
minutes, and the resulting mixture was stopped by rapid 
vacuum filtntion through a glass fiber filter (GP/C 
manufactured by Whatman Co.) and immediately 
washed three times with 5 ml each of ice cold 50 mM 
Tris HO buffer. The filter was transferred to a vial 
bottle, and s scintillator (EX-H by Walco Pure Chemi- 
cals Industries, Ltd-) was added thereto. Its radioactiv- 
ity was then determined by a scintillatiod counter (man- 
ufactured by Packard Instrument Co.). 

The inhibition rate of the test compound against the 
binding of Al acceptor (*H*GHA binding) was calcu- 
lated from the following equation: 


JahJWifaD (<*) 


-(■ 


1*1 ^ 

m-w J 


50 


55 


60 


63 


1. -JT mbbi the mKowtivity cf ^H-CHA bound in the f 
of * idi ftrtrmmnn d pi ■ mwentretipt shewn to Table 2. 

*-~7" EMsniuuiadbaciIvityoT^-CHA botmd to tbe tbuuwc 
of ten conpountfi. 

3. "JV" mem the ndieicilvity of 3 H-CHA bound in Ok presence 
of 10 fiM or N*<L-3-phCTytbopropyl)>d«*ifluig (mnn«fpcinrtd 

The results are shown in Table 2. The inhibition con- 
stant (Xi value) shown in the ufale was calculated from 
Chcng'PrusofTs equation. 2) Adenosme As Acceptor 
Binding Test 

This test was conducted according to the method of 
Brum et at [Mol. Pharmacol^ 29. 331 (19B6)} with acme 
modification. 

A precipitate was prepared from rat corpus striatum 
in a similar manner as In 1) above. The precipitate was 
suspended by adding a 50 mM Tris HCI buffer contain- 
ing 10 dM magnesium chloride and 0.02 imiz/mg (txs» 
sue) of adenosine deaminase (manufactured by Sigma 
Co.) to adjust the concentration of tissue to 5 mg (wet 
weight)/mL 

To I ml of tissue suspension prepared above were 
added 50 ui of a mixture of N-cthyicartooxamidoadcno- 
sine (*H-NEGA, 26 Ct/mmol, nwiuftctured by Amer- 
sham Co.] (final concentration =5.8 nM) and cyclopen- 
tyladenosine [CPA, manufactured by Sigma Co.) (final 
concentration - 30 nM), and 50 nl of lest compound; 
The mixture was incubtted at 25' C. for 120 minutes. 
The resulting mixture was treated in the same manner as 
in 1) above to determine its radioactivity. 
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The inhibition rate of the test compound against the 
binding of A2 receptor OH-NECA binding) was calcu- 
lated from (he following equation: 


18 

-continued 


:(*) 


X 100 ' 


rNom) 

/Cfcs Conocntntion n n inhibition me of 309fe 

Lt Concert nricB oT J H*NECA 

«Tdr DroCTt«m oorntwi of >K-NECA 

C Coboc^I ration of CPA- 

Kr. Inhibition OOimnit of CPA 


TABLE 2 


Compound 
No. 

At R^ttCor 




of Ki 
[Aj/Al) 

IdUMiIoo (*)/ 
Co.iiQftuti Mioui 
of Tcncd C&tnpowMl 

Ki 
(bM) 

lnUbnf»(«V 

f^flflfTlfHf fcttftft 
of 7/slcd Gocnposnd 
flO-VlO-*M) 

KJ 

<pM) 

1 

99/99 

IS 

U/97 

310 

92.7 

3 

10Q/JOO 

4.4 

tt/90 

330 

75.0 

3 

99/99 

3.B 

91/99 

330 

JM 

« 

IQO/IOI 

*0 

70/15 

560 

112 


100/100 

7.B 

63/71 

1,400 

179 

14 

101/LOI 

U 

6*V77 

380 

292 

:s 

WO/101 

7.1 


940 

132 


MO/lfiO 

9.1 

7Z/7I 

970 

107 

XAC* 1 


11 

91/— 

21 

1.91 

PD IIJ199* 1 

97/100 

190 

94/9B 

24 

0-3* 

COS 13W* 

99/90 

10 

99/97 

0.13 

0473 

TTwophyJVtw 

W/74 

15,000 

36/69 

20.000 

an 



•«Q - !KhNCHiCniN(CHl)a 
ptay«^ehmmlrtcr|-i Arch. PfcimGoL, 3H. «* in*}] 


N O ^ 


0 N 

31. I0U(IW» 



(Nam) 

1. "JT bcmf [he ndJotcrety of J H-NECA bound in Uw pfMencc 
of * to) caftipoawj «( i oowntr*lipa ■frown iii Tabic 2. 

2. H 7~ main ib« nuUcictivky of 'H-WECA bound ta Ibc absence 

of Ufi COOpOBBOlli 

3. -ATntutt iht ndkMoMiy of 4 H-NECA boord In the jraro 
of iOO piM of CPA. 

The results are thown j« Trfde 2. The Ki values 
shown in the uble were calculated from ibc following 

eooptiom 


J5 T«t Example 3, Diuretic Effect 

Wjsiar ntt (male: 150-300 g) were ilarved for 16 
hours prior to the administration of the test compound. 
A tot compound (25 mfl/kg) mod aalinc (25 ml/kg) 
were ordly adtnirulTcrcd to tot rats and only saline was 

60 administered to control rats. Three groups, etch group 
consisting of 5 rats, were used for each test compound. 
Urine was collected for 6 hours after the administration. 
Urine vohunc was measured and the electrolytes (Na- 
gano* K+) in the urine wee determined with a flame 

65 photometer (775A, HJiachi Lid,, Japan). The results are 
shown in Table 3. 

All parameters are expressed as relative values of 
control. 
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Nq. 

ia Urine 
(%) 

Jflcraac Id 
Ni* ocr> 
tfcn<%) 

IC* a ens 



0 

0 

0 

1.00 

1 

tO* 

73 

36 

1.27 

? 

17 

109 

67 

1.25 

3 

154 

137 

29 

I.M 

4 

113 

106 

27 

J.63 

5 

M 

109 

34 

1.51 


330 

252 


I.U 

1 

U 

13fl 

22 

1-95 

12 

108 

103 

32 

1.54 

u 

J 29 

1*6 

37 

2.09 

14 

315 

244 

64 

105 

16 

HI 

19> 

31 

112 

JT 

155 

107 

51 

1-37 

U 

111 

129 

61 

1.40 

79 

123 

137 

45 

1.43 

30 

1I2 

124 

50 

1.50 

31 

115 

«* 

M 

iM 

32 

100 

114 

4| 

(-51 

33 

99 

105 

40 

1/47 

AlBillOphyttritt* < 

> 34 

89 

IT 

).6J 
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Funwakte' 2 

73 

64 

S7 

1.07 
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Test Example 4, RenaM*rotccting Effect ^ 
(Glycerol-lnduced Renal Failure Model) 

A renal failure is a state where the renal function is 
lowered and the homeostasis or a body fluid can be no 
more maintained. Ii is known thai an acute renal failure 
characteristic of urmiferOVS tubule disorder is caused by 35 
subcutaneous or intramuscular injection of glycerol to 
rats [Can. J. Physiol. Pharmacol 65, 42 (1987)]. 

Male Wistar rats were kept deprived of water for 18 
noun, and served for the test. A test compound wa$ 
inLrapcriioneally administered to the rats (dosage; 1 40 
ml/kg) and the rats were anesthetized with ether and 
50% glycerol w>* Sttbcmaneoiuly administered (dov 
age: 0-8 mi/100 g) to the rats, pinching the dorsal akin. 
Twenty four hours after the administration of glycerol, 
the rats were anesthetized with ether and 5 ml of blood 45 
was collected from the abdominal aorta. The collected 
blood was allowed to stand for 30 minute* ox longer and 
then centfifuged at 3,000 rpm for 10 minutes, and the 
amounts of the serum creatinine and \irine-oitrogen 
(UN) contained in a serum were determined by atno 50 
analyzer (Olympus AU510) or measured by the creati- 
nine list Wako (JatTe method) and UN Test Wako 
(d iacetylmojiooiimc direct method). Both are manuTac- 
tured by Wako Pure Chemicals Co. 

On the other hand, the left kidneys of the blood-sam- 55 
pled rats were removed and placed in formalin-filled 
vial bottles, and used *s Samples for the pathological 

caamioation. 

According io the test results. Compound No*- 1—5, 
7, fl, 13, 14, 16, 17. 23, 25 and 31 sigttiBcandy suppressed 60 
increase? in the serum creatinine and ia urine-nitrogen, 
when idministered abdomuially at a dosage of 0.01 - 10 
mg/kg [Lp.] (p <G.03) whereas XAC and aau in ophyl- 
line had a weak eiTect of suppressing the increase, and 
PD 1 15,199 and CGS15 T 943 were totally invalid. On the 65 
contrary! furoaqnide showed a tendency to increase the 
serum crest in inc. The pathological examination of re- 
moved kidneys indicates that compounds No?. 1 —5. 7, 


782 

20 

8. 13, 14, 16> 17, 23, 25 and J I also significantly im- 
proved the state of kidneys. 

Test Example 5, Effect* On Pusive Schuhi-Dsle 
Reaction 

Male Hartley guinea pigs weighing 350 to $00 g were 
passively sensitized by utraperitoncal injection of rab- 
bit anti-egg white albumin (EWA) serum prepared by 
the method of Koda, et al. [Folia Pharmacol, Japan 66, 
237 (1970)1. After 24 h the guinea pigs were stunned and 
ensanguinfltrd, and then the trachea were removed. The 
zig-zag strips of the trachea were prepared by the 
method of Eimnerson, et al. [J. Ffcarm. Pharmacol., 3 1 , 
79B (1979}). The strips were suspended ia Krebs-Hen- 
seleit solution at 37* C aerated with 95% O2 and 5% 
CO2, and incubated for one hour. Antigen (EWA) was 
then introduced in the solution (final concentration; 1 
pg/mj), and the contraction was measured by isotonic- 
transducer (TD-112S, Ninon Kohdeo, Japan) and re* 
corded on a recorder (Type 3066, Yokogawa-Hokushin 
Denki. Japan). After the contraction reached a stable 
plateau, the compounds were cumulatively added in 
order to get concentntron-rclasation curves. Concen- 
tration of compounds to produce 50% relaxation (ICjo) 
was calculated from the regression curve, obtained 
from cumulative conccntration^ciaxation response- 
Thr results are shown in Table 4. 


TABLE 4 



Panive 



5-D Rnction 

MED (mt/kx) ft* JasitiUiu 

Compound No. 


Dcsib Indocod ky PAF 

7 

2.7 

>iao 

e 

asi 

100 

25 

17.3 


26 

217 


HKOfhylliBc 

23 

100 


Test Eumple 6, Effecr of Inhibiting Death Induced By 
Platclet-Activaimg Factor (PAF) 

A test compound (100 mg/kg) was orally adminis- 
tered to dd strain mice (male animals, 26 to 32 g) and 40 
jig/kg Of PAF (manaftCTUfed by Avanli Polar Lipids 
Co.) was idntinislered via tail veins 1 hour after the 
administration according to the method of Carlson el aL 
(Agents and Actions, 21, 379 (1987)]. The mortality 
rates of compound-treated groups were compared with 
those of matched control groups, awcMcd during the 
same experimental s es sion, by the Fisher's exact proba* 
bility test. The cases wherein the level of gjgnifirance (p 
value) ii 0.05 or less are considered to be effective with 
respect to the inhibition. The above procedure was 
repeated, using the test compound in a decreasingjy 
small qwwrrity so as. to find out the Minimum Effective 
Dosage (MED) wherein no significant difference be 
observed between the test and control groups. 

The results are shown in Table 4. 

Test Ft ample 7, Acute Toxiriry Test 

A text compound was orally admimsTcred 10 male 
dd-stroin mice having a body weight of 20± 1 g (3 ani- 
mals/group). Minimum lethal dose (MLD) of the com- 
pound was determined by observing whether or not the 
mice were alive after 7 days of the wJinirust ration. 

With respect to Compound 34, the MLD was more 
than 300 mg/kg. This shows the toxicity of Compound 
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(1) to weak and can be administered safely over a wide According to the result. Compound 34 almost per- 
range Of dosage* fectly inhibited against 3 H*CHA binding (the binding of 

A i receptor). 

Test Example B» Adenosine Ai Receptor Binding Test 

4 . .. . - . r , Teal Example 9, Diuretk Effect 

This test was conducted according to tbe method of 5 r 
Brws ct al. [Proa NaiL Acad. Sci.. 77. 5347 (1980)] Wistar rats (male; 150-300 g) were starved Tor 18 
wiih tome tnodilicaiion hours prior to the adminiitration of a test compound. 

Cerebrum of a guinea pig was suspended into ice ™« « c^pouirf wastuspei^m saline, and the test 
cooled 50 mM iris hydroxymethy] atnin^nethatic by- com P ound ^ admmmtrtd to rats ai a cotioen- 
drcchloride (Tris HQ) buffer (PH 7.7), by utmg Poly- 10 ™l°^Jl t ^*^i^Z?Zt 
tron hOTOgcnker (inanufactwed by KinemanS CO.). "^f™ 1 to rats. Tie rata to which only saline was 
Tki ™«S^^lJ^f ^ om vTin administered was made as control group- Three groups. 

suspension wtt Mtfifoged WXj 10 mm- groupowtsirtingof 3™*, wtTcuscd for each test, 

utes). and the prec^mate w» xesi^pe^ by^^ Vnniwu collected for 6 boors after the admnusiration. 
tbe same volume jf $0 mM TmHCI buffer. The *u± l5 Ufi|JC volarM WBa memrorcd ^ lh e electrolytes (Na+ 
pension was cestnfuged under the tame conditioni, and ^ K+ j m ^ WCfe determined with a flame 
the precipiute obtained was suspended Once again by photometer (773A, Hitachi Ltd, Japan). The results are 
adding 30 mM Trii HC until Use concentration of tisane Sown m YMt 6. 

was 100 rag (wet wejght)/rnt Hie tissue suspension was M parameters are expressed as illative values of 
incubated at 37* C- for 30 minute* in the presence of 20 control 
0.09 Units/me tissue of adenosine deaminase (maaufac- Ta&tb £ 

Cured by Sigma Co.). The resulting tissue suspension 
was Tccaitrirugod (30,000 Xg, 10 minutes), and 30 raM ~~ 
Tris HC1 was added to the predpiuie until the concen- 
tration of, tissue was 10 mg (wet weight)/ml. 25 

To 1 ml of tissue suspension prepared above were 
added 30 jil'ofpH] cydohexyjadenosine PH-CHA, 27 
Ci/mmoh manufactured by New England Nuclear Co. 
] (final concentration: I I tiM) and 50 fJ of the test 
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minutes, and the resulting mixture was stopped by rapid 
vacuum filtration through a glass fiber filter (GF/C 
manufactured by Whatman Co.) and Immediately 
washed three times with 5 ml each of ice cold 50 mM 
Tris HCJ buffer. The filter was transferred to a vial 
bottle, and a scintillator (EX-H by Wako Pure Chemi- 
cal Industries. Lid.) w« added thereto. Its radioactivity „ 
was then deiermtned by a scintillation counter (manu- It1tt . ( ^ ontkm, p^s «* <i?n) 

fjactured by Packard Instrument Co ). ^ 

The inhibition raie of the test compound against the The result indicate; thai diuretic effect of Compound 
binding of A| receptor (*H-CHA binding) was calcu- 34 U higher ihan thai of Ammophylune or Furosemidc* 

lated from the following equation: _ _ , , A _ . . BIP 

Test Sample 10 Renal-Protecting Effect 

tnhutn <%>-d -((IO]^[NlV(m-IND))x!00 45 (Glycerol-Induced Renal Failure Model) 

A renal failure i$ a state where the renal function is 

[Notes] lowered and the homeostasis of a body fluid can no 

longer be maintained. It is known that an acute renal 

1. "B" means the radioactivity of 3 H-CHA bound in failure characteristic of urixriferoufi tubule disorder is 
the presence of ■ test compound at a comuiUniioii 30 caused by sabentaneou* or intramuscular injection of 
shown in Table 1. glycerol to rats [Can. J. pbysiol. Pharmacol., 65, 42 

2. T* means the radioactivity of 3 H-CHA bound in (19&7)> 

the absence of a test compound. Male Wistar razs were kept deprived of water for 1 8 

3. "N" means the radjoactiviry oPH-CHA bound in hours, and served for the test. A test compound was 
the presence of 10 pM of NSl^-phftnyLisopropyl* $5 imraperitooeally adnunistered co the rats (dosage; 0.1 
>adenosine (manufactured by Simna Co.). mg/1 mV(ialinc)Ag) and the rats were aneaihettecd 

The results are shown in Table 5. The inhibition con- with ether and 50% glycerol was subculaueousJy ad- 
stani (Ki value) shown in the table was calculated from numbered (dosage: 0,B mg/100 g) to the rats, pinching 
Cheng-FrusofTs equation. the dorsal skm- Twenty four hours after the admmistra- 

60 don of glycerol, the rats were anesthetized with ether 
T „ L and 5 ml of blood was collected from the abdominal 

aorta. The coilcclcd blood was allowed to stand for 30 
minutes OT longer and then centrifuged at 3,000 rpm for 
10 minutes* and the amounts of the serum creatinine and 

61 the serum urine-nitrogen .(UN) were determined by 
amo analyzer (Olympus AU3I0) [creatine test (Jaffe 
method }, UN test (enzyme method); both tests were 
used in Olympus AU500/550 exclusive reagent] or mea- 
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sured by the Creatinine Teal Wtko (Jiffc method) and Injection solutions can be prepared wiih a earner 

UN Test Wako (diaoervlmonooxime direct method). such as distilled water, saline solution, glucose solution. 

Both art manufactured by Wako Pun: Chemicals Co. or a mixture or saline solution and glucose solution. 

On the other hand, the left kidney? of the Mood-cam- Effective dosage and number of administration of 

pled fan were removed and placed in fbnwJin-rUled 5 Compound (T) or it* pharniaceutienlly Acceptable salts 

vial bottles, and pathologically examined in contrast depend on the admmistrmion route and ages, body 

with the left kidneys of test compound-untreated rats, weights* symptom*, etc. of patients, and ix b preferable 

The results are shown in fallowing Table 7. to usually administer Compound (I) at a dosage of 1 to 

TABLE 7 
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Values in test compound-treated group were com- so mg/kg per day in 3 to A divisions, 
pared to those in control group using the Student's t-t«i Compound (I) and pharrnacolo^cally accepUble 
(d«B- 10). salts thereof can also be administered by inhalation in 

According to the results. Compound 34 significantly the form of aerosol, finely divided powders or sprayed 
suppressed increases in the serum creatinine and in 30 mist. In the case of aerosol axhnutistration* the corn- 
serum urine-nitrogen., when administered abdominally pounds according to the invention can be dissolved in 
&i a dosage oral mg/kg [i-p] whereas aminopbylline an appropriate, pharmacologically acceptable solvent 
(10 rng/kg) had a weak effect of suppressing the in- (e.g., ethyl alcohol) or a mixture of nuscible solvents, 
crease. On the contrary, furoseinide <t0 mgAg) showed an d then admixed with a pharmacologically acceptable 
a tendency lo increase the serum creatinine. The patho- 35 propelling Such an aerosol compoairion can be charged 
logical examination of removed kidney indicates that i n p pressure container equipped with an appropriate 
compound 34 also significantly improved the state of aerosol valve .suited for the spraying of the aerosol 
kidney . composition. It can be prefierahle to use an aerosol valve 

Compound (I) or its pharmaceutical! y acceptable which is capable of spraying a predetermined quantity 
salts can be used as such or in various medicament 40 0 f lerosol composUipa to provide an effective dosage 
forms. The present phannaceutical composition can be thereof' 

prepared by uniformly nailing an effective amount of The present invention will be described below, by the 
Compound (I) or its phirmaceTiticafly acceptable salts following Examples and Reference Examples, 
as an active component with a phannaceutically accept- 

able carrier. The pharmaceutical composition is desir- 43 EXAMFLfc l 

ably in a unit dosage form applicable to oral or injection g-[(IR",4S» 5S^2-3icyclol2.11]hepten-5-yl]-l,3- 

admmistratton, dipropybtanthine (Compound 1), and B-[0&*> 4 S P , 

In the preparation of pharmaceutical com positions m 5R*)2-bicydo[2.2, l]heplcn-5-ylH* 3^propylxanthine 
an oral dosage form, some useful, pharmaceuiicalry /Cami»Bnil2> 
acceptable carrier can be used. For example, liquid, so \wnnpuyno j 

orally admin 1st erable cornposUions such as suspension At first, 157 g (18-6 mmol) of bicyclo[2J,l]-3-hcp- 
pomposuJons or aynip compositions can be prepared cane-2'Carboxyuc acid and 3*06 g (16.0 mm (3-dimc- 
with wstrr, m saccharide inch as sucrose, sorbitol, frut> thylaminofjropyl)carbc<iumide hydrochloride were 
toae, etc, a glycol such as polyethylcncglycol, propyie- added to a solution of 3.00g (13.3 mznol) of 1,3-dipro- 
neglycol, etCp an oil such as sesame oil, olive oil, soy- 35 pyl-3,OKlianBnouracii (U.S. No. 2,607,295 and J. 
bem ail. etc, an antiseptic such as p»bydroxybcnzoic Org. Chem.. 16, 1879 (1951)] i" 60 ml of dioune and 30 
acid esters, etc.. and a flavor such aa strawberry flavor, ml of water and the mixture was stirred at room temper- 
peppermint, etc Powder* pills, capsules and tablets can eture for l hour, while adjusting the pH to 3.3, The pH 
be prepared with a vehicle such as lactose, glucose, of the mixture is adjusted to 7,0, and the mixture was 
sucrose, maxmitol, etc, a disintegrator such as starch, 60 extracted with chloroform three times, and the extract 
sodium alginate, etc, a lubricant such as magnesium was washed with » saturated aqueous sodium chloride 
sie&raie* talc, etc, a binder such as polyvinyl alcohol, and dried over anhydrous sodium sulfate Then, the 
hydrosypTDpyl cellulose, gelatin, etc., a surfactant such solvent was evaporated under redaced pressure and the 
as fatly acid esters, etc, a plaiticizcr such as glycerin, residue was purified by silica gel column chromatogra- 
etc and so forth. Tablets and capsules are most usdul 63 phy (duent: 2,0% me rtwmol/ch] oroform) io afford 4.07 
unit for oral administration because of easy administra* g (yield: $89b) of amorphous 6-amino-5-{2-bicy- 
tkm. In the prrparatioo of tablets or capsules, a solid cloPAllhepteu-S-yl^borrylamino-l^- 
phannaceutical carrier n used, dipropyluracil. 
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NMR (CDClj, 90 MHxf <Kppm): 7.20 (brs, 1H). (1R*,2K», >**)^<^^ # d4 >^ 
A 5-5 95 (nu2H) 5 35 ^ 2HX 4.00-3.65 (m, 4H), der. The mixture was n)bj^od to high P^JJ™« 

Then. 40 ml ofdioiane and 40 ml of 2N sodium by- cmX50 mm*) (by Yamamuru 
dioxide aqueous solution were added 10 3.99 g (11 J 5 85% m*h«0l/wtler ; flow rate, 
mmol) ofthe thus obtained compound tnd the mixture 327 mg or the caponed Compound 3 and 442 rog onne 
wis ieftuxed under heating for 20 minutes. After cooh captioned Compound 4. 
tag. the mixture was neutralized and extracted with c!! ___ mmd 3 

chloroform three rimes. Then, the enir*ei wis washed """^ , tl . ^ , 

with 11 saturated aqueous »dium chloride and dried w Mching point: 15O.9'~152.0* C. (rectystaUieed from 
over anhydrous sodium sulfate, uid then the solvent ^propancl/witer) 
was evaporated under reduced pressure. The residue Elementary analysis: CnHisN^Oi 
was purined by silica gel column chromatography (elu- Calculated C 65-43, H 7.93, N 16 96 
ait 25% ethyl aeeute/pexane) and recrystalllzed from Found WW C 65.41, H 8.1 1, N 17X0 
cydobexane 10 Afford K97 g (yield: 52%) of the cap- l5 ^ (KHf) VTO {cm -\y 9 l70 0 P 1650, 1497. 
tinned Compound 1 as 1 whhe powder and 0.63 g jsrMR (DMSO-d6) 6(ppm): 13,00 (brs. 1H), 3.97 (t, 
(yield; 16%) of the captioned Compound 2 as 1 white 

powder. 3 a g4 (* 2H). 3.21 (ddd, J <=4.2 ( 4.2, 1 1.6 Hz, 1H), 2-55 

Compound 1 2fl 1HX 2^ ^U^ 90 " 1 -* (m, UH), 1.15-1-03 

Mcltinu point! L2K6--122.8' C (recrystalLired from f ^^c°S^311 (W cm*5 mm*) (hy Yamamurji 
iSQpropanol/water) KlOBku v k 1 

Merck Co, elaeot: 30% efliytacrtftte/bcrtnel Retention ^ i i7 min. 

Calculated (*): C 65.83. H 7.37, N 17.06 Compound 4 

0.90-O.BO (m, 6H) * i79 (d|J j^.,^, m. IM), 2.M (brs. 

Compound 2 35 | H ), 2.31 (ta*. 1H). 2.08-1.96 (m, lH). 1.MM-4S (m. 

jsas?' ,676 "" 168 - 0 ' c from wKsws 

Elemental analysis: CnHj^Oz Kagaku K- K..) iA-i/™i„i. 

Cafcylaied C 65.83, H 7.37. N 17.06 ^ 70* acetoniuile-witer. UV 254 nm, 1-0 ml/mm]. 

Found (%) C 66.03> H 7.69, N 17.09 Retention time; 13.9 mm. 

^aT.cTo.46 (3096 ethyl acetate^e.ane) In Examples 3 to 9 dr*nbed ^ w ;.^ d ^^ 

1R (KBr) vmu (om- 1 ); 1.695, 1,637, 1,495 pound* were obuuned in the iubstanlially »me opcra- 

NMR (DMSCM6) 6<ppm): m 1 (brs, lH), 6.21 (d> tions as in Example 1, except that a c^pondiDg car- 

Hz. 7HX (ti 2H) t 3.64 (i, 1H\ 2.96 (brs. 2H), boiylic arid was used instead of bK^W2.1.1>5-hep|. 

i63 (ddd J^O.7, 4.2, 8.2 Hx, lH). 2.10 (ddd t J-4.2, * a en-2^arfooxylie add. In those examples, intermediates 

4 2, 11.3 Hx, 1H>, 1.75^1-45 (m, 5H) r 1 J5-I-22 (m, 2H). obtained were used in the subsequent tcychiation reac- 

a92-a80 (re, 6H). tians without being isolated or purified. 

EXAMPLE 2 EXAMPLE 3 

1U[(lR\2SMS»>Bicydot2^11hepian-2-yl]-l> 50 g^ ( j R - zR\5R»>BicycioP.3.0)octan-2^yl)-1.3- 

dipropylxanthuic (Compound 3) and M(1RV dipropylxanthine (Compound J) and 

SS'^icydop.Z-nhcrtafrZ-yn-l.S^vropylxamhbc bicydo[3.3 -0]o3ttan'2-yI]- 1 >dipropylx*Dihine 

(Compound 4> (Compound 6) 

The substantially same operations as m Example 1 55 , The subdantially aame operaiions as in Example 1 
were repeated using 3.0g (13-3 mmol) of 1,3-dipropyU werc repeated using 4.35 ml (3 L9 mmol) of bfcyclo[3.3-- 
S.Wianunouraefl and 2.6lg (1 8.6 tmnol) of bicy- r/|octa7>«-2-carboxyEc acid, «ul the following two cam- 
do[12.1Jheptane-2-c»rboxytic add lo ■ilbrd 4.3ig poimdi were e>buuncd. 
(yield: 93%) of amorphous 6-«mino-5^bicyclo[2^J- 

^tw^2^yl)carbon y l^o-].3^ropy]ur3cil. «o Compound 5 

NMR (CDCI j, 90 MHi) 6<ppni): 7.21 (bra. 1H% 5 «0 yM; ^ g (Yield, 47%; white plate crystal) 

(brs, 25, 2H). 4.00-3.70 (m. 4H) ( 3.00 -2.73 (m, 1HX »d Melting poiati lorn'-IO!.*'' C. (recrysuduxed from 

2.65-0.73 (01.20^ . heptane) 

The substantially same cycBxation reaction mi in Ex- ^ values 0.53 (30% ethy) acetate/hcxane) 

ample J was perfonned using 4,30g (12.3 mmol) of the 65 EteRcnWy tmjysb: C^HjrN^ 

thus obtained compound, to aflord X05g (yield: 75%) of Calculated (%y, C 66.25, K B.19, N 16J7 

g^cyelo[2.2.llhepian-2-yn-l3Haipropylxanihine [a . (%) c H g ^ 3 N i^ 6 , 

mixture of (1R» 2S», 5S*) isomer (Compound 3) and * ' 
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tH (Mr) vmw (nn-'): 1.699. 1,653 and 1,499 IR (KBr) vnUX (cm 1.699. 1.642 i «n,MJ 

NMR<DMSOd6) 6(ppm): 13.12 <b«, 1H). 3-94 <t, NMR (DMSCVd^ 6(ppm): 1. 19 <p, 8.05-7.8 h 
2H),i-fi3(t2H) ) 2.-?5-2.50<m # 3H).2-l^U3(m, I2H), 2H). 7.S0-7.4O On. 2H), fl.00 (t. 2HX 3.87 ft. IK* 
I 42-1 35 <m. IHX 1-30-1.13 (m, tH), OJtt-0.85 (m, 6H) 1.85^1.50 (m, 4M). 1.00-O.BO (m> 6H) MBewoMfurw- 

i3C-NMR(CDa3)6(ppm)i 159.1, 135.7. 131.1,149-4, 3 J-yD-l^-dipropylsanthine 
106.7. 50.4. 47.6, 45 3. 4M> 43-2, 34.4, 34.1, 33-6, 32.1. (Compound 10) 

25.1. 21.4, 1U 11.1 ^wimpounu 

Overall yield: 7 1 % (While needle crystal) 
Compound 6 Mdtmg pomu 282.1*-283.9' C (recrystolliied from 

Yidd: 359 ma (Yield, *-9#; P 1 *^ crystal) . 10 

Melting point: IlM*-12(Mr C (recrynaWzed from Elementiry anilytii: C^HmNiOs 
heptane) Calculated (9b): C 64.76. H 5.72. N 15.90 

Rf value: a40 (30% ethyl ■eeUie/heiine) FounA (%); C 64.60, H 5.72. K 15.77 

Elementary analyiia: Ci*H*N40 2 NMR (DMSO-d6) 6(PP»> 14.30 (brs, 1H), 7.80-7.65 

Calculated (%): C 66.25. H 6. I9> N 16.27 13 - v ^ 

Found (%) C 66,20. H 8.63, N I6\31 2H)| 7>68 (. 1H ), 7.50-7.30 (m, 2H), 4.02 (I, 

1R (KBr) vmu (cm-'); i>699, 1,652 Mid 1,497 ^ ye8 { 2H) 1.65-1.50 (m, 4H) ( 1.00-0-80 

NMR (CDCb) oXppxt.): 1X30 (br* 1H). 4- 1 1 0, 2H). " B lS 

S ( ^ffiffiC» » EXAMPLE 8 

21.4, U.4.' 11.2. Compound 11) 

MS (m/a) relative imewity : 34* <M +, 100% 302 (2B) P Overall yield: 36% (Light yeUow plate cryBial) 
260 (18). 250 (23) and 230 (18) 25 Melting poinl: 268.r-269-9' C (recryioJlizcd from 

EXAMPLE 4 ethwol) 

. , Elementary asaly&lfi: CjiHa+N^O^ 

8-U-methyJ-2-(4-pyndyl)«ihyl]- l^ipropylxanthinc calculated <9S>)= C 69.21, H 6.64. N 13 37 

(Compound 7) jo Found(Sfe) C 69.40. H 6.72, N 15 M 

Mdtxng poxni. 214.9 -217 3 7.40-7-23 (m. 2H)> 4.04 (I, 2H), 3.88 (s. 2H) r 

Elementary inalysi*: Cj^HasNjO^aAUriiM v** 7* , '7: ^r*« / , w 1 <n /«, 

C»lcul»ied (%): C 37.74, H 6.64. N 17.72 390-3.80 (in, 2H), 2.61 3H). 1-8MJ50 (m. 4H), 

Found (%) C 57.79. H 6.54, N 17.63 35 tt9$-0.80 (m, 6H) 

IR (KBr) vmv (cat- ') 1,704, 1.669 end 1,637 Example 9 

NMR (DMSO-40 6(ppm); 13-50-12.80 (bra, 1H). o^^^w^w 

8.79 <d, 2H. J -6.1 Hz)?7M (d, 2HJ=6.1 Hz), 3.90 (t, 8<2-Ainiiiothiazol^yl)iPC^^^ 

2H), 3.81 (1. 2H). 3.50-3.20 (m, 3H). 1.70-1.50 (m, 4H). (Compound 12 

U3 A 3H, J-6.7 H,X 0.B3 fc 3H), 0.82 (t. 3H) 40 ^ ^ % ^ ^ ^ 

EXAMPLE 5 Melting point: 2*2-5'-284.3* C. (recryrtnlliied from 

Tfgf. ^ li697r , w 1^^1300 

P PY _ 45 NMR (DMSO-d6) 6 (ppm): 13J8 (bf«, 1H). 6.B9 (bn. 

(Compound 8) ^ 6 23 fc 1H) 4^o_j,s0 (m. 4H). 3.86 (s. 2H). 

Ovcr^l yield; 70% (White plate crystal) l.SO-1,30 (m> 4K). a»-a60 (m r 6H) 

Mdting point; 137-6^139.2' C. (rtayKtulized from MS (m/e) (RelMive intensity): 34B (M+, 100), 306 
cydohnanc:) (51), 277 C26), 264 (47), 248 <28). 234 (86) and 113 (3B) 

ElemeniAry mntlytds; CisH^NjC^S 50 

Cftlcultled (%): C 57.38. M 6,7 l t N 18.65 EawnpU: 10 

Found (%) C 57.73 H 6.72, N 18.48 8KNoridam»tftnO-yl)-l ^Kp^rpybu^ 

IR (KBr) vmim (oip-l): 1,698. 1,459 >nd 1.499 /p^nwi i«\ 

NMR (DMK>i) 6(ppm>. 13.11 (bn. 1H), 7.00 (», (ConrpOtmd 14) 

tH> 3.94 (t, 2H), 3.83 (t 2H), 3.45-3.10 (m. 3H). 2.92 35 At fo^ t« g (9.74 ttmol) of 3-«OT>dainint«iec»r- 
(dd. 1H. J=6^8, R2 Hz). 2.59 (* 3H). 1.75-1.50 (m. braylicicid wu dinolved In 30 ml of pyridine. inda78 
4H> 1.23 (d. 3H. J <- 6,6 Hz), 0.9S-4-80 (m. 6H) mJ (ia7 mmol) of thionyl chloride w»* giudully ndded 

»vA U ot c i thereto M 0* C After the squotc wa& stirred for 30 

EXAMFLE 6 ^ mznottt n room tempermture. 200 g (8.83 rninot) of 

8-(Benxo[b]iliW>phen-2-yl)-l^MiipropyU^fhio w ] ^-^ipropyl-S^imxninourmcil wk gradually added 
(C<wnpo«id 9) thereto at 0* C. After irimng for 30 minute* «t r/ O, the 

M J7^ J4 _ miiturc wis trousd in the same procedure is in Eaam- 

OveTall yield: 61% (White needle crystal) d ft subjected to silica gel col- 

Melting point: 307.^-309.1' C. (recry**lW from ^ Srom^ogr^hy (eluen7^1% metSnoL/- 

cll ? K>1) ^ . . „ „ v - chlororonn) to afford 3-55 g (yieldi 100^) of »mor» 

Found (%) C 61.91, HiKN 13.15 1^-dlpfopyliincU. 


PAGE 30/60 ' RCVD AT 12/20/2005 3:28:09 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-6/26 ' DNIS:2738300 * CSI0:51 3 241 6234 ' DURATION (mm-ss):20-34 


DEC. 20. 2005 3:39PM 


513 241 6234 


NO. 0312 P. 31 


5,290,782 

29 5° 

NMR (90 MHz CDCli) Wppra): 7.38 (bra. 1H), 5-62 NMR (CDdj) 6(ppm): I2.B3 (brs, 1H). 4.1J-4.00 (m, 
fb^2H ?40W ^0(1^ 4hTwO-2.60 (tn. )H). 2.40 4H). 2.81 (dd, 1H. J-7.B. 14.2 Hx), 2.66 (ftlRW 

The «h«Sy wmc cjS M li«, re-aion as in Ex- (m. *H). 1.60-1.40 (m. Mi). J *W190 (m. 10) 

Ample 29 wmj performed by reacting 2.90 g (7.53 mmol) 3 EXAMPLE 13 

of the lhui obtained compound with phosphorus o»y- - 

chloride to afford 309 mg (yield: M«) of the optioned . „ J?!'* ' « ' n i 7 

Compound 14 at . white needle crystal. SS*>2-B^yi^.2.1]liepteii-5- y l]-1.3-dipropyl.7. 

Melting point: WO0*-l»l-0" C (recryatalliMd from njetbybianlniiie 

heptane) 10 (Compound 17) 

JS^^clr^H^iN IS 72 At nm 1 M g (3.05 mmol) of Htiy^flV- 

Kn^HMCiTII H7 62, N IS 7B bicydo[2.2.1]hept«i.5.yl]-l prepared in Example I «M 

r^«i^ivin 1 651 wd 1 499 dfa^vedin »BdorN.^^eUr/fcw»inide. m d 1.05 
HLv^Cv^V^L } %LT? oV?? iHi * «?, 2H1 is n carbonate and 0.38 ml (MO omol) of methyl iodide 

v«w. R S^ril 2rT 2 JsSJ 2»! tSTSSed thereto After the nuJrc we* stirring at 

^2 10 2HU 9S?l 8*<nl * V S »T^ M'C. for 30 mim.t« under V gon atmosphere, insoluble 

rTstoKWm «tt ^ materials were filieitdofr. and the Hit™ wio concen- 

iJC-NMR'tDMSCXW 6 (ram): 159.9. 155.9, 130.7. Hated under reduced pressure. The residue waipeuml 

|47?!o2Si«^lW4JA4U3«.9.».l. 20 into 10 9»i Of ,^ " d ^^.rf.^af ^- 

if. ft ill inq chloioftwrn three tenet The organic layer was cwn- 

iu.B, 1 1 ' bined. end the extract w** washed with wmter and then 

EXAMPLE II with a saturated aqueous sodium chloride, wd dried 

8KAdwnantaa- l-y!)metbyl^ ( Miptopylx B nthmc over inhydrwa indium suUate end t^^soVrat wis 

' 25 evaporated under reduced pressure. The rcudue was 

(Compound 13) mbjecied to silica gel column chromatography (etotui: 

At lint 2.00 g (8,85 mmol) of l,3-dipropyl-5,6- 20% ethyl eccwe/hejume) to ftfTord 1.05 g (yield: 
difumnoui-acil and 2.06 g (10,6 mrool) of l-adamantan soo%) or the captioned Compound 17 as a light yellow 
acid were condensed according to the procedure of powder. 

Example 1 using l^hylO^MlmeihylamiiioprOpylV 30 Melting point: 99.S'-lQ3.r C. (recrystaUized from 

caxbodiimide to afford 4.02 g (yield: 100$2>) of amor- acetone Avaier) 

phom ^-arnino-^KwJwt 1 * 41 ^- 1 -yl)acciylflm]no- 1.3- Elementary analysis: C.^Hi^NaOj 

dipropy) uracil w a crude product. Calculated C 66.64, H 7.65, N 16.36 

NMR (CDGi) d(ppm): 7.42 (brs, 1H). 5.47 (brs. 2H), p oun d (95>) C 66.60, H 7.97, N 16.55 
4.0O-3.70 (ra, 4H), 230-1.20 (m. 21H). 1.10 -0.80 (m. 33 (ir (KBr) vxnax (cm- 1 ): 1698, 1666* 1652, 1445- 
6H) NMR (CDCb) «(ppin): 6.19 (dd. J=3.0. 5,6 H7> 1H). 

The substantially same cyclization reaction as in Ex- 5 $7 (dd, J =2-6, 5*6 Hz, 1H), 4.01 (t. 2H), 3.95 (t, 2H). 
i4*ip!e 29 was performed by reacting 3 95 g of the thus 3.94 3H), 3J6-338 (m, 2H), J.00(brs 1H), 119 (ddd, 
obtained compound with phosphorus ©aychloride to j«3.9, 9.3 # 11.5 Hz, 1H), 1.84-1.50 (m, 6H% 1.45-1.40 
aflbrd 1-66 g (overall yield; 4996) of the captioned Com- 40 ( m , 1H), 1.0(M)-90 (m. 6H). 
pOund 15 as l white needle crystal- tVAlll)I « 

Mdrine poitil: 177.7^179.5- C. (rccrysuMixed from EXAMrLb ■ 

isopropanolAvatcr) a-[(!R*.2R".5R*>«Bicyclol3.3.0)octan-2-ylhl t 3-dipro- 
Elementary analysis: CjjHsjN^Oj pyl-7-methy Lutn chine 

Calculated (%* C 6S.72, H B.3?, N 14.S7 « iTCoranound 1 B) 

F«md Cm C 68.71, H 6.74 F N 14.70 l^mpouiw j 

IK (KBr) vmax (cm- 1 ): 1,704, 1,643 and 1.49B The substantially »tpb operatroju Ai in Example 13 

NMR (DMSO-46) 6(ppm): 13-06 (brs, 1H), 3.95 (1. were repexted except for using 1.00 g (2-90 mrool) of 
2H). 3.83 (1, 2H), 3.40-3.23 (m, 2H), 2.43 (bn, 2H) r I 90 ^t(lR-,2R* 5R»H)icyclo[3.3 J)>cictui-a-yl] : l,3- 
(br*. 3H). 1.B0-1.45 (m ( 16HX 0.95-O.tW (m, 6H) 50 dipti^ylzanmJne (Compound 5) prepared v Ei™ple 3 
_ ilulftT w ifl to aiToid l.t» g (yieWi 100%) of the captioned Cam- 

BXAMPl^ 12 pound 1 6 « a white powder. 

6^<llR fc ,2R^S^Bicyclot2.2.1]heptaii -2-yllmethyl- Melting powL 94.7*-97.0 p C. (recrystaUiied from 

1,3-dipropylxjtttlitne ethaaoKA^ater) 

fr , Affmoimrl . 6 35 Elementary analyiu: CjoH»N40j 

(Conipownd 16 emulated (%> C 67^)1, H 8.44, N 15.63 

Compound 16 wu obtained in the time procedwe bs Fbvnd (%) C 66.93. H 8.2a N 15.68 
in Example II, except for uiing 1.54 ml (1(X6 mmol) of ir (KBr) umax (cm- 1 ): 1702. 1653- 
(tR*JR*.5S«>*icycIo[2AlIhepUne-2^cctic acid in NMR (CDCW 6Xppm> 4.05 (t, 2H). 3.96 (i ( 2H), 3.93 
place of l-adamantaneacetic Add. & 3H). 2.96-2.B4 (m. 1H). 2.80-2.64 (ro, 2K), 2.20 

Yield: 1^2 g (White needle crytial; overall yield, _ 1.60 (m,HH), 1.48-1.25 (m, 3H), 1.02-0-94 (m, 6H). 

4< Miliing point: 1 !9.9'-121-4* C (rccryitallizrd ftom EXAMPLE 15 

isopropanol/water) U^propyl^tneihyl^Hiioridivmant^ 
Elementary analysis; C19H1BN4O2 65 ^rv^tMutvi 7m 

Calculated <%); C 66-23, H 8.19, N 16JJ7 W (Compound 20) 

Found {%) C 66,29, H 8,32, N 16.06 The substantially urne operation? as in Example 13 

IR (KBr) vmax (cm-'): 1,699, 1,654 and 1,502 were repeated except for using 2.20 g (6.18 mmol) of 
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B^noridMnaiiUn-3-yI>1,3^pro^U»nUlfaic (Com- residue, and (he mixture wis refluxed under beating for 

pound 14) prepared in Example 10 Id afford 1.06 g 20 minute*. After cOOhng, the mixture wis neutralized 

(yield: 46%) of the captioned Compound 20 as a white with concentrated hydrochloric acid, and the prctipi- 

needte crystal. ^ , . . tated crystal were collect by filtration. 500 ml of 

Meltoft point: 123-2 -124.6 C. (recry stalled from 3 water was added to the resulting erysials, and the mix- 

ct ^^l^ alcr ^ . . _ „ „ ^ turc was extracted with chloroform three times. The 

Elementary analysis: QiHjo^O] combined extract was washed with a saturated aqueous 

Ill^r^J tem-"v 1M8 *•* ^ thc wis evaporated under r* 

crystal. 

EXAMPLE 16 Melting point: 23ZB*-237.9* C (recryitallized from 

7.Ethyl-1,3HUpnn>yl^noradamantan.3.yl)xanth^ " e^apiilrV»i CT ) 

' * Elementary analysis: Ci^H^r^O: 

(Compound 21) Calculated (fc): C 63.55, H 7.33. N 18,33 

The substantially same operations as in Example 13 Found {<%>) C 63.40, H 7.67, N 18.88 

were repeated except for using 1.40 g (3,93 mmol) of IR (KBr) vmax (an- 1 ): 170O, 1678. 

8<nor a ria manT i n -Vyl)-t t 3-dipTPpylxanthine (Com- 20 NMR (DM SO-da) 6(ppm): 1 3.Q3 (ore, 1H), 10.88 (bn, 

pound 14) prepared to Example 10 and 0,62 ml (7.87 1H), 3.87 <l, 2H), 2.72-2,50 (m, 3H), 2.10-1.13 (m, 12H), 
mmol) of ethyl iodide to afford 410 mg (yield: 27%) of 0.87 <t, 3H> 
the captioned Compound 21 ax a white crystal. 

Melting Point; 91.3»-92.4' C. (recryitalliied rrom EXAMPLE 19 

acetonitrile) 23 8-[(lR^2R■.5R■)-Dicy^dop.3.01octan-2-yl].1 l 3-dipro- 

Elementary ansJyws; C^H^zNaO^ pyl-2-tmoxanthuie 

Calculated (%); C 68.71. H 8.38. N 14.57 ' 

Found (%) C 68.BB, H 8.39, N 14.69 (Oompound 24) 

IR (KBr) vmax (cm 1698. 1661, 1535. The substantially same operations n$ in Example 1 

NMR (CDCJj, 90 MHz) Mppm)i 4.34 (q, 3=7.0 Hz, 30 were repeated except for using: 2,00 g (8.26 mmol) of 

2H), 4.20-3.86 (m,4H), 3.03 (u 1H), 2.50-L40(m, 16H), 3,6^1iasmDC^],3Hlipropyl.^thiouracU [J. Med. Chcm., 

1.50(1. J-7.0 Hi, 3H), 1.15-0.85 (m, 6H). 32. 1873 (1989)] and 1.42 ml (9.9} mmol) of bicyclo[3 .3-- 

FVavtpi P 1 7 0]octan-2-carooxylic acid 10 afford 1 . 70 g (overall yield; 

j^mik&c-u n X7%) of the captioned Compound 24 as a white crystal, 

3 S^Noradamaatan-^yl^l.SJ^ripropylxaiiibjni!: 25 Melting point: 135.1**137.2* C. (recrysiallked from 

(Compound 12) ethanol) 

. . „ . . _ , 4 . Elementary analysii; C19HMN4OS 

The ftub*tant»ny «pmc operations as m Example 13 calculated {%): C 63.30, H 7.83, N 15.54 

were reared exc^t for usmg 130 g (4.21 mxnol) of p^^ (%) V C 63,54, H 8.14. N 15.59 

K"oradainanUn-3-yl>l,3-diprc>pylxanthjne (Com- 40 re /vb p \™ /^-*vi«ft iaoi 

eihanol/water) 43 ^ ^ . _ . ... i<m m 1V „ „ 
Elemnnury analysis: C^H^N.0, *™i^^"2& <15 "*? ^ ft^T™"^ 
Calculated ■ <»); C 69.31, H 8.39. N 14.03 K ^A^^.?~ , r l ^ tir - ^ 154 Itt0 ' 10 
Found <<&) C 69.29. H 8.69. N 14.57 ml/mm]: Retention tune; 14.4 mm. 
1R (KBr) vmax (cm-1): 1700, 1662 F 1536. EXAMPLE 20 

NMR (CDC1 3 , 90 MHx) 6(ppm): 4,30-3,85 (m, 6H). 50 , , 4 . lv . ^ fc> . 

3.05 (t ( 1H), 2.30-1-30 (m. 18H), l^(MXB5 (m, 6H). S^0^im«Un-3-yl)-3.propylx«itriine (Com- 

pound 23) 

EXAMPLE 18 The substantially same operationa aa in Example 10 

B-[(1R* 2R* t 5R*VBicyclo wm repeated except for using 2.00 $ (10.9 mmol) of 

[3^0Joctan-2-yI>3^pTOpylxairthiiic 53 l-propyl-5-OKluuximoiiiadl to afford 2,*7 g (yield: 63%) 

. „ v of 6-uiimO«5«(norad^UPmaiie^3-i»Tbonylain^ 

(Compound 23) propyhuiciJ as a light yellow powder. 

Ar first, 100 ml or N,N '-dimethyl fpmamide wu sus- NMR (DMSO-da, 90 MHz) Bippm): ld.47 (bri. IH). 
pended in 3.00 g (27 J mmol) of 5,6-diaminouracil [Japa- 7.63 (br% IH), 6.^3 (bn» 2tt) t 3,78 (t, 2H), 2.71 IH), 
nese Publiahed UueXajuined Patent Application No. g, 2.32-L38 (m, 14H), 0.89 (t, 3H). 
57,517/80) and 3.88 ml (27.2 mmol) of bicy clo[3.3.0]oc» The tidmanxlally same cyvlixatkm reaction as in Fv 
tan-2-carbokyfa'c add, 8.40 g (40,8 mmol) of N,N'-diey- ample 1 was performed using 2.1 6 g (6.5 1 mmol) of the 
dohexylcarfeoctiimide and then 3.00 g (32.6 mmol) of thus obtained compound and 40 ml of a 2N sodium 
N-fayoroxybenxtriazole Were added thereto. After the hydroxide aqueous solution to afford 1.85 g (yield: 
mixture ww stirred overnight at room temperature,. 6S 91%) of the captioned Compound 25 isi white crystal, 
insoluble ouucriftU were filtered off. and the fUxratc was Melting point: >290' C. (from dnxane/waier) 
concentrated under reduced pressure. 100 ml of aquc- Elementary analysis: C17H12N4O2 
ws 4N sodium hydroxide solution was added to the Calculated (9fc)r C 64.94, H 7-05, N 17.82 
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Found <%) C 64.65, H 7.20. N 18.00 

IR (KEr) vnfti (cm-* l ); 1698. 1660. 1500, 

NMR (DMSO-d^ *> MHz) 6(ppm): 12.42 (brt, 1H), 

11.90 (hrv 1HX 408 (i, JHX 2.77 (t, IH) 2-53-1-40 (m, 

I4HX 1.00(l,3HX 

EXAMPLE 21 


34 

EXAMPLE 23 


(Compound 26) 


10 


Af first, 20.0 g (63.7 mmol) of BKnor*4smairt*n-3-yl> 
3*piopy1xanthine (Compound 25) prepared in Example 
dissolved in 370 mj of pyridine, and 23*1 g (104 mmol) 
of phosphorus penUsuUide was added thereto. The u 
mixture was reftaxed under heating for 4 hours and 
poured into ice water, and the solid substance* depos- 
ited were collected by filtration. The filtrate was con- 
centrated under reduced pressure, and the solid sub- 
stances depoiited were agAro flollccfrttl by filtration. 20 
The deposited solid substance* were combined and 
dissolved in TOO w\ of 2N sodium hydroxide solution, 
Mid insoluble materials were filtered off The filtrate 
was neutralized with concentiated hydrochloric Acid, 
and the deposited cryitals were collected by filtration. 
The crude crystals were recrysullized from ethanol- 
water to afford 11.7 g (yield: 56%) of the captioned 
Compound 26 as a light yellow needle crystal. 

Melting point: 2l4.2"-216.0" C (lecjystaUIzed firom ^ 
eihanol/waier) 

Elementary analysis: CnHu^OS-l/SHjO 

Calculated (%> C 61.12, H 6.76, N 16.77 

Found (%) C 61.12, H 6.82, N 16 95 

IR (KBr) vmu (cm-i): 1668, 1595, 35 

NMK (CDCh.wMHz) 6<ppm): 10.14 (brs, 1H), 9.43 
(brs. IH), 4.05 (t. 2H), 2,73 (t, 1H). 2.68-1.40 (m, KH), 
0.9B (C 3H). 

EXAMPLE 22 40 

$-(Norad9manuui-3-y])-l ^-dimethyUanthlne 

(Compound 27) 

The substantially same operations as in Example 10 
were repeated except for using 3.00g (17.6 mmol) of 43 
l r 3-chmethyU5»6-diamizionraci] instead or 1, 3 Klip ropy U 
3,64iam»nour»ci] [J. Am- Chary Soc. T 76, 279B (1954)] 
to afford 3-61 g (yields 65%) of 6^amino>5^nOrftdBniBn* 
tineO-c«boriyJbini»0M3Kfe w 
tow powder. 

NMR (DMSOdt,, 90 MHi) 6 (ppm): 7.6B (brs, IH), 
628 (bn, 2HD, 3.30 (*> 3H), 3.11 (s> 3H), 2.71 (t IHX 
2.66-1.40 (m, 12HX 

The mbfJMnfialJy upe cyclizalion reaction aft in Eat- 35 

ample 3 was performed eucpi for using 3.60 g (11.3 
mmol) of the thus obtained compound to atTard 2.41 g 
(yields 71%) of the captioned Compound 27 ms ■ white 
crystal. 

Melting point: >295" C. (recxystallized from 

ethanot/watcr) 
Elementary analysis: C16H2DN4O2 
Calculated (%): C 63.98, H 6.71, N 18.65 
Found (%) C 63.97, H 6.78, N 18.B9 M 
IR (KBr) vmax (cm- 1 ): 1719. 1656. 1649. 1503. 
NMR (CDCIj. 90 MHz) 6(pptn): H-93 (brs, IH), 3-62 

(s, 3H), 3.46 (s, 3HX 2.79 (t. IH). 2.52-1.60 (m. 12H> 


60 


B^oiadainanian-3-yl)-l,3-ojethylxanthine 
(Compound 28) 
The substantially wne operations as in Example 10 
were repeated using 2.0 g (10,1 mmol) or l^-dSethyl- 
5,6-diwninOuracfl [J. Am. Chem. Soc, 73, 114 (1953)9 
to afford 2.01 g (yield; 58%) of o^ammo^noiadaman- 
taae-3<arbonylan^o^l,3^1iethy]uracil as a light ycl* 
low powder 

NMR (CDCh. SO MHz) 6 (ppro>- 7J5 (bn, IH), 5.61 
(brs, 2H). 4,18-3-65 to 4HX 2.76 (t. IH), 2.5O-U0 (m, 
18H). 

The substantially same cycliiutteo reaction ai in Ex- 
ample I was performed except for using 1.90 g (3.49 
mmol) of the thus Obtained compound to afford 1*58 g 
(yield: 88%) of the captioned Compound 28 ai a white 
crystal. 

Melting point: 25?.B*-263<1 B C (recryMallixed from 

ethtaol/water) 
Elementary analyiit: QtHjiNjOj 
Calculated <%)-. C 65.83, H 7.36. N 17.05 
Found {%) C 65.99, H 7.51, N 17 JO 
IR (KBr) vnuo (cm-i): 1704, 1646. 1497. 
NMR (CDClj, 90 MHz) 6 (ppm): 1 1.93 (brs. IH). 4.40 

-X98 (m, 4H), 2.63 (t, IH), 160-1.60 (m, 16H). 

1.50-1-18(111, 6H). 

EXAMPLE 24 
8-(Noradamantan-3-yl)- 1 J-dibu tytxanthine 
(Compound 29) 

The substantially tame opemion* as in Example 10 
were repeated except for using 1.70 g (6.69 mmol) of 
1.3^ibutyl-5 # 6^iaininouracil (U.S. Pat. No. 2,607,295) 
to afford 2.42 g (yield: 90%) of amorphous 6-amino-5- 
(norad ■mantaoc>3-cjtfbonylanuno> 1 ,3^tatyl uracil. 

NMR (CDC1), 90 MHi) 6 (pom): 7.40 (brs, JH), 5.59 
(brs, 2H), 4.05-3.76 (m, 4H% 2.76 (t^ IH), 2.50-a80 (m, 
24H). 

The substantially same cyclizariofi reaction as in Ex- 
ample 1 was performed using 2.08 g (5.17 mmol) of the 
thus obtained compound to Afford 1-87 g (yield: 94%) of 
the captioned Compound 29 as a light yellow powder. 

Melting point: I39.7*-161.0* C (recrysraUhed from 
ethanol/water) 

Elementary analysis: CUH32N4O2 

Calculated (ft); C 68:71, H 8J8, N 14.57 

Found (Sfc) C 68.69, H 8.23. N 14-flt 

IR (KBr) vmaz (cm- 1 ): 1704, 1651. 1496. 

NMR (CDClj. 90 MHz) 6 (ppm): 11.67 (brs, IH). 
4.28-3.90 (m, 4H) f 2.82 (t. IHX Z.62-M9 (m, 16HX 
1.15-0.80 (m> 6H). 

EXAMPLE 25 
B^<Noradatnaatan>3-y))-3 -tsobutyl- 1 -methylxanlhine 
(Compound 30) 

The substantially same Operations as in Example 10 
were repeated except for using 1.B7 g (B.81 mmol) of 
l-isobntyl-3-rnethyl-5.6-dtan^ [Methods in En- 
zymolo^y, 1 59, 489 (19B8)] to afford Z63 g (yield; 83%) 
of 6-uxiitio^7>orsd*inAntane-3 1 - 

isobutyl Ometlryturactl as a while powder. 

NMR (CDCI3.90MHZ) « (ppm): 7.35 (brs, IHX 3 56 
(bra, 2HX 3.77 (d, J- 7,7 Hx, 2«X 3-34 (s, 3HX 2 7* (t, 
IHX 2.40-1.50 (m, 13HX a99 (d, J ^6. 6 Hz, 6H) 
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The substantially same cyclization reaction u in Ex- 8^rftdini4ntAn-3-yl>-h3-<3ipropy]-2-thiounthine 

ample 1 wu performed except for using 2.60 g (7.21 (Compound 31) prepared in Example 26 lo afford 1-27 g 

mmol) of the thus obtained compound 10 afford 1-69 g (yield; 61%) of the captioned Compound 33 u a light 

(yield: 68fc) of the captioned Compound 30 u a while yellow powder. 

needle crystal- j Melting point; 94.2'-96.6' C (retrysrallized from 

Melting point: 266.0**268.7" C. (recrystallizcd Iroro icetonitrile) 

etluinol/water) Eltnratai> andysis: C^2sN4S^.lCK3^-0,2H a 0 

7^^^^ ll^tivl « Calculated (%): C 61.22, H 7.30, N 14.49 

^^v^L^t 4 !^^. 5 ' , N i 6 36 Found (%) C 61.18, H 7.3B, N 14.37 

Fo^d l (%) C 6«9, H T44 , N 1*42 10 , R ^ »ma* (cm-l): 1604. 1504, 1088. 

IR (KBr) vmax (em-»>: 1708. 1652. 14 tflvfR (QX3 v 90 MH>) 6 (ppm)- 946 (Hi*, 1H), 106 

NMR (CDCI* 90 MHz) 6 (ppm) 1 1.72 (hra, 1H), 3.98 A 3 wi^3Hi577ft T a ,t_ „ ir T ,™ 

(m> 13H)> a95 (d, J ^6.6 Ha. 6H). i.i>-um <m, 

EXAMPLE 26 15 Example 29 

eKNo^adamanLan-3.yl^^M[plT>py^2.thiox u ^ B^AOMmMn^^y^propyl^i^^ 

(Compound 31) ' (Compound 13) 

The tubstimrjaUy same operations ms m Example 10 _ At CinU 10 8 < 443 mm ° r > of 

were rep^e^^ S » {J£~ U ^^ 

5.6-riafflino- l>dipropyl«2.thioiir*eil and 2.27 g (13.6 10,6 * <»i msno ^ ) ^«niaxrtane-lHartoylc^ 

mmol) or nOradamanUDeO-^arboiylic acid to afford ^ by P t ^ tl °™ af 0 C Aflcr *™« 

2.95 g (yield: 60%) of amorphous fratmno-5-(norada- 30 nunutes at 0' C ihenn*tu^wa$C^Ctmratedu^ 

tA*M»ft*3<artmy1a™^ „ prcau^ A saturated aqueous sodium bicar- 

NMR (CDCln 90 MHz) 6 (ppm): 7.50 (bra. 1HX 5-80 25 toi*ie w* added thereto. The residue was extracted 

(bn, 2H), 4.60-4,25 (m. 4H), 2.72 (l. 1H). 2.40-1,50 On, ^ chloroform three rime*. The organic layers were 

16Hfc t. 20-0.80 (m, 6H), combined, washed with a saturated aqueous sodium 

The substantially same cyctixation reaction as in En- chloride, and dried over anhydrous sodium sulfate. The 
ample 29 wu performed except for using 2.70 g (6\92 , n wWenl was evaporated Under reduced pressure. Then 
mmol) of the thus obtained compound instead of 6* pyridine was removed from the residue by mean* of 
arnino-S^idamantane-l^arbonyleinino)-!^ azeotropy with toluene to afford 19.5 g (yield: 100%) of 
dipropyhirici] to afford 765 xng of the captioned Coin- 6-a4nmo-5^auamantane-l-cari^ylaiiiino> 1,3- 
pound 31 as a light yellow powder. dipropyluracil. 

Melting point; 216.2*-216.6* C (recrystallired from NMR (90MHe; CDCh) 6 (ppm): 7.47 (bra, 1H), 5.60 

isopropanol) 33 (brs, 2H), 4.05-3.7O (m, 4H), 2.25-M5 (m, 19H), 1,15 

Elementary analysis; QprhaNtOS -0.85 (m, 6H) 

Calculated (%) C 64.4*\ H 7.58, N 15.04 Then, 100 ml of phosphorus oify chloride was added 

Found (%) : C64.49, H 7.56, N 15.35 to 19.5 g of the thus obtained compound and the row- 

IR (KBr) vmaa (cm- 1 ); 1690, 1494. ture was reiluxed under healing for 30 minutes. The 

NMR (CDCh) 6 (ppm): 11-96 (brs, lH) f 4.69 (t, 2H), *° ra ixtuft was concentrated under reduced pressure, and 

4.61 (t. 2H), 2.86 (V 1H), 2,48-2.42 (m, 2H), 2-35-2.26 § Mi mXa i lOueous sodium Wc*rbOn*te was added to 

(m, 2H), 2.13-1.85 (m, 12H). 1.13-0.95 (m. 6H). the residue. The residue was extracted with chloroform 

E*f— 'It 27 three times. The extract was dried Over anhydrous so- 

* 45 dium sulfate and then the solvent was evaporated under 

BKNorPdamantan-3'yl)-l,3^prc»pyl-6-thko«Tiihiiic ^ rc duced pressure. The residue was subjected to silica 

(Compound 32) gel column chromatography (duent.- 20% ethyl aceta* 

The mtauntially same operations w in EwupIc 2i ™A*xinc) and rccrysullized rrom iwpropanol-witcr 

we^re^Sed eK^^nTrOO 7oSof ? ^W e{ o^ yieW; 13%) of the capuoned 

^oradafflinraiw3-yl)-l,MlpropyIiaAW (Com- 50 Compound 13 ^ . wfctc dcc^c crysnd. 

pound Ufa Ewuple 10 to afford X02 g (yield: 70%) of Melting point; 169.3 -171.0 C. 

the captioned Compound 32 as a tight yellow crystal ^?^^^^""^f\ T 

Melting point: 12B.3"-13aV C (rccrysullized from Calculated (96): C 68.08, H ^16, N 15.12 

^cetoniuiJc) Found (%) C 68. la H 8.30, N 15.09 

Elemenlary analysis: CtdHuP^OS 55 IR (KBt) vnuu (cm- 1 ): 1699, 165a 1491 

Calculated (%): C 64.48, H 7.58, N 1 5.04 NM^ (CDa 3 ) 6 (ppm): 1 1 .70 (brs. 1H), 4. 15-3.95 (m, 

FOUfld (%) C 64.49, H 7.66, N 15,29 4H), 2.15-2.05 (m. 9H). 1.85-1.50 (m. 10H). 1.05 -a85 

IR (KBr) vmas (cm- 1 ); 1,682. 1,597 and 1.495 ^H) 

NMR (CDQ), 90 MHz) 6 (ppm): 9.65 (brs, 1H). 4.43 t=va wpt p tn 

(t, 2H), 4.06 (U 2H). 2.69 (t, 1H). 2.53-1.60 (m. 16H), « CAAMrLC ^ 

1.1CMI.85 (m, 6H). 8^Adaniantaxi-l-y1>13^pTC^yl-7-nielhylaaniluiie 

EXAMPLE 28 (Compound 19) 

•KNortdsnumttn^ylH^Hlipn^ ^ Mbstantislly same operations as in Example 13 

f _ 6S were repeated except for using 2.50 g (6.76 mmol) of 

(Compound 33) ft^adamaman-l-yl^l.S^ipropylxanthine (Compound 

The suhstandally same operations as in Example 2 1 13) prepared in Example 29 to afford Z16 g (yield; B3%) 

were repeated c*ocpt for using 2.00 g (5-36 mmol) of of the captioned Compound 19 « a white crystal. 
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Melting point: 79.8'-B0.9" C. (rccrytullizcd from mg (6.42 mmols) or 609& Sodinm hydride was Added at 

ethmoL/wiicr) 0* C After the mixture was stirred for 30 minutes At 

Elementary analysis. CnrtaN^Oi room temperAture, 0l2S ml (3-36 mmols) or propargy) 

CAlcutated (toy. C 6B.I7, H $J8, N U,S7 bromide was dropwist Added thereto. The mixture was 

Found (&) C 66.2$, H 8,47, N 14.72 5 stirred for 4 boun it room temperature, and the rcec- 

m (KBr) vmAi (cm - ] ): 3 698, 1639. don mature w« poured htto MO ml of witer and was . 

NMR (DMSfXU) 6 (ppm): 4.t0 (s, 3H), 3.93 (t. 2H), neutralized with IN hydrochloric acid. The mixture 

3.82 (t, 2H), X13-Z02 (m, 9H), 1.82-1.46 (m, IQH), y^s cxrrACted with 50 ml or chloroform three times. 

0,90-0.80 (m, 6H) The organic layer* were combined, WAshed with water 

EXAMPLE 31 10 ***** inen with A SAturated aqueous sodium chic- 

^ -v. - — . „ ... ride, #nd dried over Anhydrous sodium sulfate. The 

I^DiAllyl-HWAdwnratyl^thme wlvcm ^ presl ure. Hie 

(Compound 34) residue wu purified And isolated by flush chrumAiogfA- 

At first, 1.63 g W mmols) of VnofsdamA**!-^ .< fPhy 40% ethyl AoetAteyheunc) A^recrysta)- 

boiylfcacidwtt "dissolved in 20 ml of pyridine, tod O.BO 15 ^ from dn^yiulfo^de-WAier to Afford 110 mg 

ml (10.8 mmoh) of thkmyl chloride was Added drop- (ydd: 23%) ^Compound 35 as a white powder, 

wise thereto u 0' C. The mixture was stirred for I hour Melting point: 256.3-237- 1 C. 

11 room temperature, And cooled to 0* C once Again. Element*! Analysis: CJ0H22N4O2 

2.00 a (9.01 mmols) of J.Wuwimo-l^-diAllylurAcn „ CAlculAted C 6BJ5, H 6.32, N 13.98 

[NaunynSchmiodebcTg's Arch. PhArmacol,, 336, 204 20 Found C 68.62, M 6.45. N 16.03 

(1987)] in 20 ml of a methylene chloride solution wu IR (KBr) vmax (cm-'>. 1700» 1659, 1649, 1548, 1496 

Added dropwise. The reAciion mixture was further NMR (270 MHz; CDClj) oXppm); 11.58 (IH, brs), 

stirred for I hour m room temperAture, And conceit 6. 10- 190 (lH,m), 5.43-3.20(211, id), 4.90 ^-4.70 (4H. 

trmted under reduced pressure. The concentrAie wu rn), 2-80 (IH, 0i 2.30- 1.90 <8H. m), 1. 80- 1.60 (5H, m). 

poured into 100 ml of WAter. The mixture was extracted 13 MS (m/e): 330 

with 30 ml of chloroform three times- The organic DeeeveKirv bvaupi p 1 

lAyen were combined, washed with a saturated aqueous REFERENCE tXAMTLt 1 

sodium chloride, And dried over Anhydrous sod him 3-Allyl-^3*rKJTAdamantvl)™ithJne 

sulfate- The solvent was ^tportted under reduced 3^orAdAiiiAnuine»r< 

chloroform) to Afford 2.44 g (yield: 73%) of 6*mino- CU 

U^allyl^VoradAinAntan^ as * dded ™ dCT ^ 

amorphous minutes ai room temperature. 3J21 % (17.6 mmols) of 

NMR (90 MHz; CDCL^ppn* 7.*1 (IH, brs), « l^yM*M0Ut^ (U.S. P* N* 2,673,MS)was 

6.20-5.10 (8H, m)7 4,80-4.45 (Th/w), 2.76 (IH. t), gradually Added to the react** mixture under tce^ool- 

2 50- J.50 (12H m) ing. After Stiffing for 2 hours « room temperature, the 

' Then! 27 m) of 2N sodium hydroxide aqueous btjIu- rwtioa imxture was conccmrtied under redoced p«a- 

tion And 14 ml of dioxine were Added to 2.29 g (6,19 *ure. The residue was extneted five tunes with chloro- 
00101$) Of the obtAiued compound And chr mitture was 40 form/methano] (5/1). The organic lAyen were com- 

re/luxed under heating for 1 hour. After cooling, the bincd sod dried over Anhydrous Aodium wlftue. The 

reaction mixture was ncurrAliied with concentrated solvent was evaporated under reduced pressure, 30 ml 

hydrochloric Acid, And extracted thw limes with chJo- of dioxAne and 60 ml of aqueous IN sodium hydroxide 

reform. Then the organic layers were combined, solution were added to the re$i4i*C And the mixture wis 
washed with a saturated aqueous sodium chloride and 45 reDuied under heating for 30 minutes. After cooling, 

dried over Anhydrous sodium sulfate. The solvent was the reaction mixture was neutralized with IN hydro- 

evAporated under reduced prcAHire. The obtained crude chloric acid. And was extracted three tunes with 30 ml 

crystals were recrystaUizcd from isopropinoJ-wttcr to Q f chloroform. The organic layers were combined, 

afford 1.55 g (yield: 71%) of Compound 34 ri a white washed with a saturated Aqueous sodium chloride and 
needle crystal. 56 dried over anhydrous sodium sulfate. The aolveni was 

Melting poini: 202.0-204.3' C evaporated under reduced pressure 10 afford 4.92 g 

Elemental analysis: C20H24N4O2 (yield: 90%) of the captioned Compound as a light 

CAlculated (%y C6&-16, H 6.86 r N 15.69 yellow plate crystal. 

Found ($&): C 68.2ft H 6.97, N 15.63 Melting point: >270' C (recryfttaUized rrotn 

IR (KBr) vsnax (em-0: 3190, 2940. 1704, 1638, 1631, 53 eih^l^aleT) 

1530, 1498 ElementAl anjJysii: CnHttNA 

NMR 90 MHz; CDa 3 )8(ppm): 6.30-3.70 (2H, m% cakzulated (%)i C 65.36, H 6.43. N 17.93 

l ?r 5 . ^ m \ W~ 4 «> < 4tt - ■* 180 « H > ft Found <%> C 64.98, H 6.72, N 17,86 

MS (m/e): 332(M+X 60 mm* (90 MHz; CDOj) 6Xppm): 1 2.10 (1H, brs), 7.20 

EXAMPLE 32 (1H» s\ 6.20-5.65 (IH. m), 5.45-3 05 (2H. m). 


3-Ayyl-8^3-Dorsdamamyl)-]-prop»TgyUflnihine 


4.B0-4.43 (2H. m), 2-71 (IH, t), 2,35-1.50 (12H. m). 


Compound 35 ^ PhannaceuticAl Preparation 1 

At first, M0 g (3.21 tdmofe) or 3-#3lyl 8-<3- ™ tl 

norauamsmtyl)xanihinc obtained in reference Example \ tablet bftvfae the following composition was pre- 

I was dissolved to 32 ml of dimethylformamide, and 257 pared According to (he conventional method 
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40 


Compound ) 


Futile Hud) 
Polyvinyl ifcohd 


20 mj 

60 to* 

3 mi 
I mi 



Pharmaceutical Preparation 2 
Powder 

A powder having the following composition was 
prepared According to the convention*] method 


where Y represents ■ single bond or alkykne having 1 
to 4 carbon Atoms, n represents 0 or I, 
each of R 1 R* independently represents hydrogen, 
.10 lower alky!, AJlyl ox propargy!> Mod R 5 represents hy- 
drogen or lower alky), provided that when Q b 


15 


L>CK*r 


20 m% 
300 tot 


Pharmaceutic*] Preparation 3 

Symp 

A syrup having the following composition was pre- 
pared according to the conventional method. 



2D 


Coo pound 2 

20 ma 

Refined ucchtrof* 

30 oa 

EUiyt pikgrdnnytcTnoiic 

40 mg 


10 la* 

Stnwterrr (tivor 

ai at 

Wsicr K> rrvrtc the loiil volume 


Pharmaceutical Preparation 4 

Capsule 


Ingredients set forth below 

were admixed and 

charged into gelatin capsules m 

accordance with the 

conventional method to thereby prepare a capsule. 


20 mg 

LlClDK 

ZOO ma 

Migrnum Hemic 

5 

What is claimed is; 


1. Xanthine compounds represc 

:nted by the following 

formub (I): 



25 


35 


40 


45 


then 

Rl, R* ind R* are not simultaneously methyl; or a 
phinsaceutlcally acceptable salt thereof. 

2. The compound according to claim 1, wherein both 
of R 1 and R? are lower alkyl and R 3 is Hydrogen; and 
both of XI and X' arc oxygen. 

y The compound according to claim 1, wherein each 
of R' p R z and R 3 independently repre sen ts hydrogen or 
towcr alky) 

4. The compound according to claim 1* 

wherein each of R> and R* independently represenu 
allyl or propargyl and R 3 represents hydrogen or tower 
akyJ. 

5. Hie xanthine compound according to claim 4, 
wherein X> and X' are both oxygen and n is 0. 

& The compound according to claim 3, wherein Q 



7. The compound according to claim 3, wherein Q 



»■ f f 


wherein each of X 1 and X 2 independently represents 
oxygen or sulfur; and Q representa: 


50 & &KNor^d*inaaumO^I>l,3^ipropylxamhine or a 
CD pJiarmaceutically acceptable salt thereof. 

9. 1 J-Diallyl-M3^oradain^y))x«iithme, Or a phor- 
maceuticalry acceptable salt thereof, 

10. 3-Atiyl^3-aor*4ama&ty))' J-propaTsylxanthine, 
35 or a pharmaceutical! y acceptable salt thereof, 

11. A pharmacentical composition compmng a phar- 
inaceuticaJ carrier and* as an active ingredient* an effec- 
tive amount of a xanthine compound as defined by chum 
J or a pltarmncentlcajly acceptable salt thereof. 

40 * * * * * 


65 
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UNITED STATES PATENT AND TRADEMARK OFFICE ^ 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,290,782 
DATED : March 1, 1994 

WVENTOftfS) : FUMIO SUZUKI ET AL. Page 1 of 8 

tntn^SS^ £i£° P 3PPMrS * lh * ab0V ^ dBnttfied palBnt ™» th * Letter, Patent isiinby 

On the title page: Item 
AT T561 R^FBRMTPfl fiTTFT) 

Other Publications, 

"Shamin et al. J. Med, Chem., (1989) vol. 32, 1231." 
should read 

~ Shaittin et al., J. Med. Chem., (1988) vol. 31 „ 613. — . 
AT r571 MMTRnCT 


Line 1, "where w should read — where 

Line 5, "-NH-; represents" should read 
— -NH-; when Q represents—'* 


COLUMN Z 


Line 14 r "where " should read — where — , 

Line 47, Close up right margin* 

Line 4B, Delete blank line. 

Line 49 # "methyl;" should read —methyl; [hereinafter- 

Line 60, "etc' 1 should read —etc.--. 


COLUMN 5 


Line 28, "diII^e■thylforIIlaIulde ,, should read 
— dimethyl f ormamide, — . 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 


JO. 0312., 


P. 38 


PATENT NO. ; 5,290,782 
DATED : March l r 1994 
INVENTORY : FUMIO SUZUKI ET AL. 


Pago 2 of B 


vnOUSa SET ^ * 8t, ° ve - ider,tifled pattnt - Patent ;i hweby 


CQfitTMM 1^ 

Line 21, 
Lino 22, 
Line 23, 
Line 58, 

COLUMN Ifi 

Line 48, 

Line 10, 
Column 23 

Line 66, 

COLUMN 7 ?j 

Line 26, 
Line 62, 


Close up right margin. 
Close up left margin. 

i^ff 2 *" sh ° ul * read —effect, — . 
"HC1" should read — HC1. — . 


"equation. 2) Adenosine" should read 
—equation, f 2 ) Adenosine— . 


"24 h" should read- — 24 hours — . 


"unit" should read —units — . 


"N 16, 78" should read --N 16.78- 
"25, " should be deleted. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 


PATENT NO, : 
DATED 

INVENTORS) : 


5,290,782 
March 1, 1994 

FUMIO SUZUKI ET AL* p a g Q 3 of 8 

correct "S * ab0V * irfamifi5d « «d that aid Letter ? mfiX is hereby 


COLUMM 2fi 


Line 16, 
Line 52, 


*6<ppm):" should read — 6<ppm): — ♦ 

"and" should road —and 8-[(lR*,25*,5R*>- 


Line 4, *(m, 6H) 8-(Benzo[b] furan^ 11 should read 
— (m, 6H) 
Example 7 
8 - ( Benso [ b] furan- 
Close up right margin. 

-Compound 11 )» should read —(Compound 11)- 
"(Compound 12" should read —(Compound 12 )« 
"6(ppm): w should read — d(ppm) : — . 


Line 15 # 
Line 23 r 
tine 39, 
Line 45, 


COLUMN 2q 


Line 19, 
Line 28, 

Line 45, 
Line 47, 
Line 53, 
Lind 55, 
Line 66 p 


w 6(ppm);" should read — 6(ppm):~. 
"1 -adamant an" should read 
--1-adamantaneacotic**- . 
M Found (%)" should read —Found (%)i — w 
H 6(ppm): H should read — 6(ppm): — . 
"8-CdiR^" should read — 8-[(lR*,— . 
"(Compound 16" should read —(Compound 16)- 
M Found (%)* should read —Found (*): — . 
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PATENT NO. 
DATED 
INVENTORY) 


U T™^ PATENT AND REMARK OFFICE 

CERTIFICATE OF CORRECTION 


MO. 0312 P. 

] 


40 


5,290,782 
March 1 # 1994 
FUMIO SUZUKI ET AL. 


Pago 4 of 8 


aJSSSi SJT 3PP9WI !" mmt and t„ar said l« Paten, . h^y 


COLUMM 

Line 
Line 


Line 15, 


Line 
Line 
Line 


1. *6(ppm)i" should read --S(ppm): — . 

nepten-S-yll-i prepared" should read 
— n«pten-S-yl]-l, 3-dipropylxanthine 
(Compound 1) prepared--. 

I? ^f^2f ta " Sh ? uld read ~3 (7.61 nrnol) 
at - potassium carbonate — . 

"Found {%)" should read "Found (%)• 

"Found (%)" should read —Pound (%)! — ' 

-6(ppm):- should read — 6(ppm)j-I. ' 


34, 
57, 
59, 


Line 8, 
Line 10, 
Line 28, 
Line 35, 

Line 48, 
Line 50, 


r.nr.TiMM 


Line 18, 
Line 20, 
Line 39, 
Line 50, 

Line 57, 


"Found (%)" should read —Found (*):--. 
o(ppm);" should read — d(ppm): . 

^°^vt (%) I should read -Found (%):—. 
a 8 ;( N °radamantan-.3-yl)-» should read 

— 8- ( NOradamantan-3 -yl ) - - 

"Found (%)" should read —Found (%): — 
"6(ppni):" should read — a(ppm):-- 


Found (%)" should read —Found (%): — 
6(ppm):" should read — 6(ppm): — . 
"Found (%)" should read —Found <%): — 
'3-propylxanthine (Com-- should read 

3 -propyl xanthine V (Com . 

MHz* should read —90 MHz „ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,290,782 
DATED : March 1, 1994 

INVENTOR (S) : FUMIO SUZUKI BT AL. Page 5 ot 8 

It is certified that error appean in the above-identified patent and that said Letters Patent Is hereby 
corrected as shown b&iow: 

COLUMN 33 

Line i, "Found (%)" should read —Found (%) : — • 

Lino 2, *uma* (cti-"):" should read — umax (cm- 1 ): — * 

Lino 3, MHz ) 6(ppm) : h should rend —90 MHz) 6(ppm)t — ■ 

Lino 11, "Af" should read — At— r. 

Lino 12 r "Example" should read' — Example 20—* 

Lino 34, "Found (%)" should read —Found (%): — . 

Lino 36, " go MHz) 6(ppm): " should read 

—90 MHz) G(ppm):--. 
Line 51, "90 MHz) 6(ppm)s* should read 

—90 MHz) 6<ppm); — • 
Line 65, "Found (%)" should read —Found {%): — - 
Line 67, % 0 MHz" should road —90 MHz—. 

CTOTilFMN 34 

Line 8, "(1933)9- should read —(1953)] — . 
Line 11, "powder 11 should read — powder.--. 
Line 12, " w MHz) 6(ppm):" should read 

--90 MHz) G(ppm) : — . 
Line 24, "Found (%)" should read ^-Fouiid*(%): — • 
Line 26, MHz) 6<ppfl£):" should read 

—90 MHz) 6 ( ppni ) : — . 
Line 39, H „ MHz) 6{ppm):" should read 

— 90 MHz) 6( ppm) : — • 
Line 50, "Found (%) 7, should read — Found (%): — - 
Line 52, % 0 MHz) 6<pp*y:" should read 

— 90 MHz) 6(ppm) 
Line 65, " M MHz) 6(ppm): N . should read 

— 90 MHz) 6(ppm): — . 
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PATENT NO. : 5,290,782 
DATED .- March 1, 1994 
INVENTOH(S) : POMIO SUZUKI ST At. 


Pago 6 of 8 


omSH SET* 8PPWrt " * WidCTlHiEd mm and ^ ■« l~ **"t a her B by 


COLTIMN ftq 

Line 

Line 
Line 
Line 
Line 
Line 
Line 

Line 
Line 
Line 
Line 
Line 

CQLIIMM 7fi 


9, 

10, 

11, 

12, 

13, 

25, 

32, 

37, 
40, 

51, 
57, 
59, 


Line 11, 
Line 34, 
Line 54, 
Line 56, 
Line 58, 


Calculated (*)- should read — Calculated (%) • 

"Found <%)" should read —Found 

"14- should read —1495—. * 

"6(ppm) M should read --6(ppm): — . 

*(t, 1H}," should read ~(.t, 1H),~ . 

M 6(ppm.):" should read — 6(ppm) :-~ 

"765 nig of should read 

--765 mg (yield: 30%) of—. 

^Calculated (%)- should read —Calculated (%): 
"6(ppm):- should read ~ o(ppra):^ 

H 4 £*}\^ uld **** — 1^) prepared in—. 

Found (*) should read — Found (%)- — 
"6(ppm)r p should read — 6(ppm)i — . 


°6(ppm): " should read — 5(ppn): — 
"6(ppTn)r rt should read '--*$( ppm 
"Pound (%)" should read —Found — , 
-6(ppHu): " should read ~-6(DDm): — <. 
W 6H)- should read — 6H)*~; 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 


PATENT WO. 

DATED 

INVENTOR(S) 


5,290,782 
March l, 1994 
FUMIO SUZUKI ET AL. 


Page 7 of 8 


It it certified that error appears in tna above-identified patent and that said tatters Patent is htrebv 
corrected at shown below: 

colpmn az 

Line 5, "Found (*)■ should read — Found (%); — „ 
Lin « 7, fl 6(ppto): n should raad — 6(ppm): — . 
Line 35, "CDCLaJfifppm) 7,41" should read 

— CDCLj) 5(ppra)i" f 7,41—. 
Line 57, "CDCl 3 )6(ppm): 6. 30-5. 70" should read 

— CDClj) 6(ppro): 1 6*30-5.70—. 
Lino 58, "<4H, a), 4.90-4.60" should read 

— <4H, m), f 4. 90-4,60—. 

COLUMM 

Line 23, "<2H, m), 4.90-4.70" should read 

~(2H, m), t 4.90-4-70—, 
Line 68, "method" should read —method*—. 
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PATENT NO. . : 5, 290 , 782 
OATEO : Maxch 1, 1994 
INVENTOR (S) : FUMIO SUZUKI ET AL. 


Page 8 of a 


li is certified rhat error appaari in the above-identified patent and that said Letters Patent is herebv 
corrected as shown below: 


COLUMN 40 


Line 28, Close up right: margin* 
Line 35, should read «Q ia- 

Llne 42 r "Q" should read — Q ls- 


Llne 37, 


should read 


Attest: 


Attesting Officer 


Signed and Sealed this 
Sixteenth Day of May, 1995 

BRDCE LEHMAN 

Commirtiontr of Parent* and Trademarks 
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Abstract 

We examined whether a dry condition actually induces scaly skin in vivo. Hairless mice were kepi in a high 
humidity condition or a low humidity condition and skin changes were examined. Scales appeared on the backs of 
mice kept for 3 days under the dry condition. The weight of stratum corneum (SQ was increased at this point, and 
these alterations were nol accompanied with hyperproliferatioo of rhc nucleated celt layer of the epidermis. A decrease 
of desraosomal degradation was observed, though, desquamation-relatcd enzyme activity was not altered. The 
regulation mechanism of desquamation is not yet clear, however, in vitro experiments suggest that the water conlcnt 
in SC is an important factor. The water content of SC was decreased in the dry condition. These results indicate thai 
a dry environment perturbs desmosome degradation in intact SC by decreasing the water content of SC. and the 
consequent impairment of desquamation in normal skin in vivo may lead to the induction of a scaly skin surface. 
O 1998 Elsevier Science Ireland Ltd. All rights reserved. 

Keywords: Desmosome*; Scale; Humidity 
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J. Introduction 

The most common skin problem in humans of 
all age groups is dry, rough and flaky skin. Al- 
though details of the mechanism inducing this 
problem are not fully understood yet, it is clear 
that alterations in stratum corneum (SC) 
desquamation are involved. 

Lundstrom and Egelmd [1,2! showed the exis- 
tence of desmoglein I, a characteristic transmem- 

* Corresponding author- Tel,: +81 45 788411 1; fax; -f- 81 
45 7887577. 


braue protein of desmosomcs, in plantar SC, 
which suggests that desmosomes should rake 
part in cohesion of comcocytes. They also found 
a chymotrypsin-like serine protease which is 
stored in lamellar bodies in the stratum granulo- 
sum until it functions Within the SC extracellular 
spaces [3,4]. In addition to the chymotrypsin-like 
enzyme, we found a trypsin-like protease in nor- 
mal SC [5,6]. Topical application of serine-type 
protease inhibitors induced scale, supporting that 
these proteases are actually functional in vivo 
PI- 
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It is still unclear whai factors regulate desqua- 
mation of SC in vivo. The results from an in vitro 
experiment, suggests that a high content of water 
promotes degradation of desmosomes, that the 
water content of the SC is one of important 
factors (8). Furthermore, observations that many 
scaling diseases are worsened when climatic con- 
ditions become cold and dry [9- 11], support (his 
idea. To elucidate this possibility, wc examined 
whether or not a dry condition actually induces 
scaly skin by assessing the number of SC scales on 
hairless mice kept under high or low humidity 
conditions for 7 days. We also traced the changes 
in histological appearance desmosomal protein, 
SC water content and protease activities in the SC 
of these animals. 


2. Materials and methods 

2.1. Animals and conditions 

Eight- to ten-week-old male hairless mice (Hos: 
HR-1) were obtained from Hoshino, Japan. Be- 
fore each experiment, the animals were kept in 
individual cages for at least 3 weeks. These cages 
were placed in the same room with the tempera- 
ture maintained at 22 -25°C and relative humidity 
a l 40-50%. The animals were assigned to two 
groups. One group was exposed to a dry condi- 
tion and the other to a moist condition. The dry 
group animals were kept in a 7.2-1 cage in which 
the relative humidity was maintained at 10%. 
while the moist group animals were kept in the 
same size cage in which the relative humidity was 
kept above 80%. The temperature was maintained 
at 22-25°C. Fresh air was circulated 100 times 
per hour, but the animals were not directly ex- 
posed to the air stream- The level of NH a was 
always kept below 1 ppm. After 0, 1. 2, 3, 4 and 
7 days, biopsy and collection of SC by tape-scrip- 
ping were undertaken. 

2.2. Skin surface appearance 

The skin surface was observed on the backs of 
the hairless mice with a Micro Hi-Scope System 
(Hirox, Japan). The number of scales was counted 
in binary images [7]. 


2.3. Histologic observation and SC weight 
determination 

Biopsy samples were fixed in 10% formalin and 
embedded in paraffin. Sections were stained with 
hematoxylin and eosin. Measurements of the 
thickness of the epidermis were made with a light 
microscope equipped with a CCD camera and 
image analysis system (Olympus XL-10> Japan). 
SC sheets were obtained by trypsin treatment [12]. 
In order to calculate the thickness of SC the 
weight per area of SC sheets was measured. 

2.4. Electron microscopic observation 

Biopsy samples were fixed in half-strength 
Kamovsky's fixative, divided and processed 
through reduced 1.0°/o osmium tetroxide, then cm- 
bedded in Epon-epoxy mixture. (Jltrathin sections 
were viewed in an electron microscope (H71Q0, 
Hitachi, Japan) after further contrasting in lead 
citrate and uranyl acetate. 

2.5. Analysts of desmosomal protein 

Desmosomal proteins were extracted from tape- 
stripped SC in a buffer containing 0.1 M Tris- 
HC1 CpH 9), 9 M urea. 2% SDS. and 1% 
mercaptoethanol, (200 of buffer per 2 mg SC) 
for 15 h at 37°C [4J. The extracts were mixed with 
a Laemmli's sample buffer and heated on a boil- 
ing water bath for 10 min. After centriAagation, 
the supernatant was analyzed by SDS~PAGE in 
1 0% gel. Electophorctic transfer of proteins from 
the gel to PVDF membrane (Applied Biosystems, 
USA) was followed by immunostaining with mon- 
oclonal antibody, anti-DG 1 (Bochringcr 
Mannheim, Germany), against the desmosomal 
glycoprotein, desmoglein L using a Promega Pro- 
tocol Western Blot AP System (Promega. USA). 

2.6. Enzyme activity 

Trypsin- like enzyme activity of SC was exam- 
ined by using Boc-Phe-Ser-Arg-MCA (Peptide In- 
stitute, Japan) as the substrate [5,61 All assays 
were performed at 37°C in 0.1 M Tris-HCl (pH 
8.0). 
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Fig. I. The changes or skin conductance measured with a 
Skkon-200. Skin conductance decreased in the dry condition 
(O), and 1 increased in the moial condition (+\ n = 6, mean ± 
S-E.M-)- Siffuficances versiu day 0 (*i><0.05. **^<0.0) t 

***/»< O.ood). 

2.7. Conductance 

Conductance of the back of hairless mice was 
measured with a Skicon-200 high-frequency hy- 
grometer (IBS, Hamamalsu, Japan) [13], 

2.8. Statistics 

The significance of differences was tested by 
using the Mann- Whitney C/-test. 

a b 


165 
3. Results 

3.1 Changes in water content of SC 

At first, we examined whether or not the dry or 
the moist condition affects the water content of 
SC in vivo. In the dry condition, the value of skin 
conductance was decreased on and after day 1 
(Fig. 1). On the other hand, the value of skin 
conductance was increased from day 1 in the 
moist condition. These results show that the dry 
condition lowers the water content of SC in vivo, 
while the moist condition increases it. 

3,2, Changes of skin surface and SC in the dry 
condition 

Many scales were observed on the backs of 
mice exposed for 3 days to dry versus normal 
condition (Fig. 2(b) vs. Fig. 2(a)). The number of 
scales was increased on and after 3 days in the dry 
condition (Pig. 3(a)). Biopsy results showed that 
the dry weight of SC also increased on and after 
3 days in the dry condition (Fig. 4(a)). The thick- 
ness of the nucleated cell layer of the epidermis 
was Quantified and it had not changed statistically 
for 3 days in the dry condition (data not shown). 

These results show that the dry condition in- 
duces scales on the skin surface and increases the 
thickness of SC without inducing epidermal 
hyperplasia. 

c 


Fi& 2. The skin surface appearance on the backs of mice kept, in condition* of diOettnt humidity. More scales were observed uTter 
3 days in the dry condiijnn (b) than in Che norfnaj condition (a). Scales were decrawd after 3 days in (he moist condition (c) as 
compared with the norma] condition (□)- 
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Fig. 3. (a) The number of scales was increased on and utter 3 days in ihe dry condition (n = 3, main ± S.E.M.). fbj The cumber or 
scales was decreased OA and after day 1 in the moist condition (n=3, mean + S.E.M.). Significances versus day 0 <*/*<0.{>5» 

0.01, -**/>< aoosj. 


J J, Changes of skin surface and SC in the moist 
conditio?! 

The number of scales was decreased on and 
after the first day in the moist condition (Fig. 2(c) 
and Fig. 3(b)). However, biopsy results showed 
that the dry weight of SC was not changed (Fig. 
4(b)). The thickness of the nucleated ceH layer of 
the epidermis remained unchanged statistically 
(data not shown). 

Thus, the moist condition decreased scale on 
the skin surface, but did not affect the weight of 
the SC or the thickness of the nucleated cell layer 
of the epidermis. 

3.4. Desmosomes 

In the normal condition, corneocytes showed a 
piled-up ultrastructure. Desmosomes remained in 
the upper SC at the edges of corneocytes, but 
desmosomes were degraded from the middle to 
the upper layer of SC at the center of corneocytes 
(Fig. 5(a)). On the other hand, at the center of 
corneocytes after 3 days in the dry condition, 
desmosomes were also seen in the intercellular 
space, even in the upper layers of the SC (Fig. 
5(b)). As shown in Fig. 6, the content of 
desmoglein I in SC increased after 3 days in the 
dry condition. There were no significant changes 
of the desmoglein I content in SC between the 
normal and the moist group of mice. 

These results show that desmosomes are less 
effectively degraded in the dry condition. 


J. 5. Changes of enzyme activity related to 
desquamation in the dry condition 

We previously reported that digestion of 
desmosomes by two types of serine proteases lead 
to desquamation [5,6]. Enzyme activity in SC 
obtained by tape-stripping was examined. 
Trypsin-like enzyme activity in the SC from ani- 
mals which had been kept in the dry condition 
showed no change (Table 1). 


4, Discussion 

Under conditions of low humidity in winter, 
scaly skin occurs not only in pathological lesions, 
but also in normal skin. Patients with cutaneous 
xerosis show an increased number of scales, and 
more severe symptoms are seen in aged people 
[11]. Chernosky [14,15] also reported that dry skin 
occurs in winter. Kligman et aL [16] reported that 
the SC thickness of xerosis vulgaris on the leg 
increases in winter. Further, desmosomes are re- 
tained in the surface layers of the SC in winter 
xerosis [17]. These observations suggest a link 
between dry conditions and abnormal desquama- 
tion in SC. 

In vitro studies have shown that environmental 
humidity influences the water content of SC 
[13.18], which decreases gradually from 75 to 30% 
in relative humidity [13]. These reports suggested 
that the water content of SC was great impor- 
tance in maintaining good skin condition [18]. 
Rawlings et ah [8] showed in their in vitro studies 
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Fig. 4. Change of weight of the SC in dry or mojsi condition. <a> Increased weight of the SC from mice kepi in the dry condition 
on and after 3 day* r> = 4-7. mean ± S-E.M ,). There were no change up w 7 days in the moist condition fn = 4-6 mean ± S E.M > 
Signifies pees versus day 0, 


that a dry condition inhibits desmosoTnal degra- 
dation as compared to a moist condition. These 
results suggest that water content in SC is an 
important factor for desmosomal degradation. 


In the present study, we found that many scales 
appeared on the backs of mice kepi for 3 days in 
the dry condition. The thickness of SC was in- 
creased, and these alterations occurred without 



Fig. 5. Uliraalructure of SC from mice *ej* in the dry condllion and normal condition. At the ceniCf of tomeocyies, desmosomes 
(arrows) were degraded from the middle to Ihe Upper layer of SC in normal conditions (a). After 3 days in the dry condition 
desmoflomis (arro*s) rermnod in the upper layers (b>. Scale bar. 1 0 
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Fig* 6. The level cT auti-DG I-reective protein in SC from 
animate kepi in the dry condition for 3 days was higher (ban 
that Of animals kept in normal condition* (n = 4, mean ± 
SJE.M,). 

hyperproliferation of the nucleated cell layer of 
the epidermis. Further, a decrease of desmosoraal 
degradation was observed. Because in our present 
in vitro assay the enzyme activity in SC of the dry 
group mice was not altered, the contents of the 
enzyme might be similar in both the dry and 
moist groups. On the other hand, we found thai 
ihe water content of 'SC was decreased on and 
after day 1 in the mice which were kept in the dry 
condition. We interpret these in vitro and in vivo 
data as indicating that the dry condition makes 
the enzyme less active, and as a result of this, 
desraosoma) degradation in the intact mouse SC 
was perturbed and abnormal scaling occurred 
without alteration of the metabolism in the nucle- 

Tabie r 

Changes of enzyme activity related to desquamation in dry 
condition 

Time (day) Enzyme activity (nmol released AMCfaiJ per 
me SQ 



Mean 

S.E.M. 

Significance 
versus day 0 

0 

22.49 

6.10 


1 

21.90 

4.20 

n.s. 

2 

25.43 

7.29 

n.s. 

3 

22.57 

3.77 

n.s. 

4 

23.74 

4,46 

n.s. 

7 

24.40 

<i,23 

n.s. 


ated cell layer. In the moist condition, the thick- 
ness of SC was unchanged (Fig. 4(b)) and the 
content of desmoglein I in SC was also unchanged 
(Fig. 6), These results suggest that the desquama- 
tion of SC were not changed in the moist condi- 
tion as a whole. However, the number of scales on 
the backs of mice decreased on and after day 1 . 
We measured the water content of SC in the moist 
condition and it increased on and after day 1. 
These results suggested that the SC surface 
desquamation accelerated by high water content, 
and as a result, visible scales disappeared earlier 
than in the animals which were kept in normal 
conditions. 

Our study suggests that a dry environment has 
a rather rapid effect on normal skin in vivo and 
induces scaliness by impairing desquamation in 
SC. The SC water content seems to be a crucial 
factor in the regulation of SC desquamation. 

More severe symptoms are seen in aged people 
in winter [11,19], and the shear wave technique 
showed that aged skin has a lower water content 
than that of younger skin [20]. Therefore, dry 
conditions might have a much more severe effect 
on the aged skin. The dry skin model presented 
here could be useful in studying the mechanism of 
skin problems induced by low humidity. 
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SUMMARY 


& » Eoidennal barrier function in rats to experimentally impaired by two 4Cpa rttC means, a«n=ly. ^ 
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C ■ • ; fSl- fimdricidd. rapidly restore to norma, the abnormally high r ^™"^ 

loss in fcdh experimental caseSj and it was shown with the essential fatty aod-deflcMan rat* that tibcre 

> J C«U*«"ppn^^^ 

^ .- fldttK to *pidcr«al barrier ftnericn. A doss rebtiotthip of bamcr fun*«m and caKnoal 

* : fatty acids is indicated. 
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f J ncskb fa. farmer bet-ten the living ^ d iB f ^ n lt s Srf 

* * resides in rWstratUXncomeuxn^ 

I f naSls to *. body, the rth *. regulates the loss of body **j^££S^ k 
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! S Wh ich the normal architecture of the stratum is alfSrcd, .mp^cd ^ &~ ! 
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J thai essential fatty acid deficiency in man mny b* comcted by the cutaneous ap^don of Msenoal 

• fatty add (ai^^sa*^.***^^ 
thccttMicoiw rom aeim«odudog genual fatt^ 

examined rhc value of cutaneous application of snnflowerseed dO, bwiatho context: of rtpamng nn- 
patted barrier funetioii- As molds ofinereased cutaneous water diffusion we have chosen- the EFA, 
dcfideiit rat. and the sodium laurate-itmated rat. The effect opoa ttair impaired cuomeoiM bamer 
function by cutaneous* applied sUftflowtrsced oil is described. 

: s." • MATERIALS AND MBTHODS 

'• 

*' J'realfotrtT of ttnrnriat/wy add-deficiatt rait * • ■ 

Groups of mplc Htrcrmatc rats of the Colworth-Wisrar sixain wcre-wefcried at" 3 >vec*S onto a punned 
did aAiS an wicmial feny add-deficient diet. The purified diet cowfcted of 72*3% sucrose, *o-o% 
flKons Gcjiaiosan (cacin), 5'0% Jonef Foster salt nuvtutc, 0-04*8% watpx-soliible vitamins, o*i% 
choline chloride and 2-17^ sunflower seed oiL In the essential fttry aa4^cieot die* the suiifldwef 

> seed oil was replied *irh 2-17% 'hardened- coconut oil. The linoleic acid content of the sunfor*er 

i sccd rii was 6a" while the hardened coconut oil contaijicd : 2 ft% iiffiatttaied.firay acids but no 

. essential firny acids. Two groups of rais wert fed eacVdieVfor 9 wcete and for igr weeks respectivdy. 

i EFA-ddictcncy wa* characterized by scaliiiess of the feet iind tail, ioafcas^ rraAsepMcnnal waie* 

loss, ;ind 1 he appearam; of 5,' 8, s 1 ^aaatrioibxc acid in the serum lipds, with the concomitant reduc- 
tion of linoleic and araehidonic adds (Holman, xjtf). By & weeks on metfenrieht diets.ihe anirnak were 

cxpcrimesit^ ai 12 weeks. ,! , 

lu dic Jim experiment, after 8 and 18 weiks-on the control aad experimental dice:, a small area of 
iipprctximaitlv 1 afi 2 was clipped Oft the interscapular skin of each rat. The^groups of control and 
EFA-dcficiei" rats were each' sab-dWidcd' into' two groups* one of which tod no cutaneou* treatment 
while ihc oihur received o- r ml of sunflower wed oil 10 the dipped stab twice daily for 7 : days. This was 
equivalent to approximately wo mg linoleic acid per .day. 

^ I A order ici prevent ingestion of the oil, all the animals were fitted whfi. a Jieadpieoe of rigid nylon 

around the net* without cutting into the skin\ The' thin artiical walls of the neckpiece extended ovct 

■ - the head of the rm. The open end allowed ihe'rar'to cut and drink but prevented it from licking Its 

paw* i>r any part of us buck. During these 7- days rhc eyes 3 nose and penis of the rats were cleaned to 
uvoid possible inlcdioa, Tronscpidermal water-loss mc^uremeaB were made irniheditttly beftire 
and alter the 7 toy** application of sunflower seed oft ' . ' 

)u the second estpcrimcntj imimals vfeie'iakert after 12 weeks on the dcficieltt diet. The dotsal hsrit 
was rcmti\ cd l\v clippioj;, and then to one group of six animals o>x ml of a solution, of J67 mg/ml sou; 
fldttvr seed oil in ether was applied tn the shaved skin daily for 5 days, Assujfning that sunflower *eed 
oi! comainA aN*ui 6o v L by weight linokic odd/ this is equivalent to the applicarion- of 10 iOg linoleic 
acid to the skin* daily. To $ second group of six animals. 2 similar volume of an echex sototion of 133 
mg/ml olivL- oil was applied. Olive oil contains flpproxixnSTely t 75% weigbi ote i c ^ ^ t 
aTrtouiu applied cutancously por c^ay was 10 nig oleic add. A third groups but of normal rats fed on the ' 
control did" lor r 2 weeks, received 10 mg linoleic Scid cutancously, ias r above, to serve os comxols to-.tte- 
Hl 7 A-deficiciu animabt. In this second experiment the nylon head pieces. were not fitted to ihi 
animals. :i>unscpidi:rmal water loss was. measured "daily inunediately before application of oil for fi 
. successive day.*;- , - 
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Tttatixnt of rats tui'ih iodittm Iterate 

Female weanling raw (apr* oiiWly 50-80 g) fed water and spin) diet ad Ub\tm were used cx~ 
dusi«Jy for ihis experiment. Ac the begmrungof tht experiment each animal was closely dipped 
dorsally with electric hair clippers. . 

The rate of uansepidcrrnal water loss was determined on the dipped area of eactL rot prior to auy 
tferaiienc Each animal was cashed win 0 25 m sodium laurate solution for period of 30 min, as 
previously described (Proctey & Hartop, 1973)- After a rf*4> " ^4 ro altow ^ 
don response ro develop, the rottr loss was determined again. Individual responses co treatment were 
varied* some animals exhibiting very luga rates of water loss, whereas others had lower, yet sell Jibovc 
rxmruil, rare* relative to control values. The animals were divided into three groups so that each group 
contained examples of both high and low rates of watt* loss after irritate*. One group had o-i ml of 
undiluted sunflower seed oil rubbed onto the irritated areaya second group received o-i ml u&diluvd 
olive oilfthc treated control 'group), and a tbird group Were* left untreated, scrvrag as untreated ctu*- 
trols to both txeated groups. Oil was applied w the skin immediately after the second dc termination of 
water loss. The race of transdermal water toss was determined for a thirdtmie on each anvmal u h 
after receiyirig the oil. . 

DturtninatiaTi of trtmsepid&rial roM to* • . . M „ ■ • 

The method used was originally developed by Thiele & Sdxutter (1963); Uttwm of dry mttogen was 
passed over the sKn by means of a flow cell and its increased moisture content was nteesurcd with a 
Meeco clcctrolvuc moisture analyser (Mannfecturert Engineering and Equipment Corporation, 
ffarriivom Pem^ylvania, V-SA^Tta time required to *ake readhjgs was appro^*ly 30 mm, 
during which the rats were immobilized with Nembutal (75 .m* P<* Jqg nttnpmTOneally) and placed 

tor to injure skin ^ strapped CO the clipped dorsal Jul withVelcro tape (^cctuv . 

Ltd., Biddulph, Staffordshire) and tra^pidermal water loss and skin tmpe« w« recorded 
simulraneously a cwin channel recorder before and after application of eiK 

Extraction. and ail&tysis of -epidermal lipids > r 

fL epidermis was fep^teTby hear (Bamberger, Suntzeff & Cowdrey, i^), 

purified by thin-layer chromatography aid fatty add C0rapos.UOi» were determined by goS-Uquid 

ehrontatography (PiOttey, Hanbp & Fttguson,- 1972). 

RESULTS 

The ho^ in trawepiderwal Water loss i» animals minted on a* esseuaal fitly «J^f«f . 
dietis iUustratedin TaWei. Rats onthe.cowrol diet showed WW «t« of W^JT! 
9 and 19 week,, and The crfaueous application of sunflower seed od for 1 « ^ 

respectively did noc greatly alter these. *a* maintained on the- deficit du* ^^ff* 
si,^ increase (P - .0*01) in water difteion compared with controls after 9 '» 
wlXTmcrease 4, greater still. After cutaneous application ****** £.<**g£5!£* 
weeta'rhere was a significant reduction m the trawepidermal water loss of the BFA-dcfioent aoimai 

^ilSJSi deficient animal, treated for 7 days, after 18 ^^T^^^^S^ 
water loss. However, in both treatment eases (that is, after 9 **ks and 19 weeks) the observea vai 
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C.'Froxwy et aL 
-table I. UFA deficiency and iransepiH r irroftl waw Jos3 


Did 

Txcstfneot ■ 

Transq^enia^ water loss 
(jbg/ctn 1 /!^ a^<x Weeks on dirf 

9* 

I9t 

Conrroi 

Nil ' 

c>a6±o-09 (a) 

0*24, O-34 


sso 

0-20 2 0 03 (3) 

0-39, 0-30 

HFA deficient 

m 

3-07* 0-3*1(3) 



sso • 




EFA, essential flrtry acid; SSO a sunflower seed oiL. 
* Reeulra arc mtftQ data£ s.d. fox' jmmber of animals in partb- 
theses. .... 
t Rwulta a* e from individual animals. 

of uarwepidcrnial vfeier loss had not attained t&e very lotr level shown by control animate dn a 
normal dice 

, Epidermal lipid fatty acid ccmposifion in essential /arty acidrjefiaent rats 
The application of sunflower seed oil to the skin of normal ran on the control dietfor 9 weeks (Table 
: 2) caused .an increase in the proportion of linoleac acid in die free {atty- acid faction of the epidermal 

TaBLB 2. DiiiributiOJl of hay add* in ScpfitffcTcd lipids of tpidenxus of control and EFA^dsfiwt rats fit 9 we$to 


X)i« Cuiancous lipid - 
(5 weeks) crewmcni Cracrion 
at fi vrocks 


Fatty add (%) 


I8:i 


18 3 


W3 
(oj-9) 


3-P-4 


Control 


deficient 


Nil 

SSO 

Nil 

SSO 

Nil 

SSO 

Nil 

SSO 

Na 

SSO 

Nil 

SSO 

Nil 

SSO 

Nil 

SSO 


PL 

SE 

FFA 

TG 

PL 

TO 


7'°±*^ 
6-$ ±2-5 

5**±*'3 
3-6±0'3' 
2*7 ±0*2 
4'0±o-9 

9-2 ±4* - 

±o-7 

6- 6 ±2- 1 
4'5±3"3 

7- 4±t'-5 
4"-a ± i-S 


15*9 + 1-9 
1B-6 ± Mi 
iS-z±vz 
14*2+ I'l 

^43±2-8 
S8-S + 6-6 
»-6±3-6 
i4-8±3-* 1 
25*7 ±4*3 
2I'2±4 1 4 

3M+s*o 

20-4* 7 -& 


9*4±i*7 
12-6+2-5 

Z"2±I'0 

5-6+0-6 
' 5-3 ±t* 

4-6±l'5 

8-4*4-1 
0-5 ±06 
■ 1-3 ±o-a 

3*2 ±1-3 ■ 
W* + 157 

lfT-4±6-9 


T 
T 
T 
T 
T 

T 

T 

4-x±v8 
' 4-4±.a-a 
T ' 

0-4 ±0-7 
'a-lf + 0-6 

07 ±0*6 


0*5 + 0-9 ' 
i-6±2-5 
O-4+0-6 
o3±o-3 

0, 4±°*7 

0- 6+0-7 
1*1 + O'B 
Cr3±0'2 

1- OiO-5 
0-4+0*4 ' 

0- $±o-7 

1- 7 ±0-8 
o-8 ±i*i 
0-6 ±ro 
o-6±t-o 


6*2 + 0 '3 

J-2±0"Q 
I'0±O-6 

1- S ±0*7 

I7*°'3 
9r6 ±I'0 

2- 3 + ^4 
1*5 ±09 

i.a±o-5 
2*3 ±2 x 
2-o±o*9 

0- 6±t^ 

1- ? + i*3 
i'6-tX"4 


SSO, ennflower seed oil'; PL, phospholipids; SE, atcrol csrerai FFA, free fatty adds; TG, triglyc^ridea. 
The results are die means Df three animals ± o.d. 
T,tr«*>{< 0-I*O. 


5 
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Barrier function and cuianeous application vf Imoleic add ij 
' table 3* Dtttxibut&i of fttty aridS tepaistcd lipids of epEderoiis of control And EFA-defidenxiatx ai 19 weeks 


.Diet 
(19 weeks) 


Topical 
trcacr&ttl 


Lipid - 
'.fraction 


Fa^y odd (50 


16:1 


18:1 


183 


20:3 


20:3 


20:4 


control 


EFA'dcfictent 


Nil 

sso 

Nil 

SSO 

Nil 

SSO 

Mil 

SSO 

Nil*. 

sso 

>ru ■ 

SSO 
Nil 

sso 

Nil 
SSO 


PL 
SH 
FPA 
•TG 

PL 
SB 
KFA 
TO 


67» 
5*4, 

4-o> 
4*3* 
2-7j 


7-9 
60 

4.4 
4-0 


IO-5, 9 5 
9-3, 7 '8 


5»> 

37) 


4* 

s-o 

42 

27 


I4*6j X6-5 

15-5, ia-i 

«"5» 14-4 
rx-c. J4 P 3 
lO'i, 19*9 

1*9, *3* 
19-1, zy6 

a 1-4, 22-0 

30-0 

2^-7, 187 


8 : i. 10*3 
*°-8» 7-9 
2-4f 1*9 
40 

4'5i 3-^ 
6-8, l6'5 

to; "73 

14*7, 
09, 

5*9. *n 

09, 0-9 

10, 3-2 
i'4. 


8«i 
i-r 


4- 4; "'9 
0'5> 3-5 

5- 7, 7-6 


T,T. 
T,T 
T.T 
i*o»T 
T,T 
" 0*5, T 
T,T 
T,T 

33- 3"4 
0-7 

4-9. 3*& 
1-5. x-9 
T,4J 


l'l 9 2'2 

05, T 

0*, 51 
3'6j 0 6 
1-5; 4-* 
Ti t o 
T,T 

T,T 
T, T 
T,T 
1-3, T 
0-9, T 
0-3, i-l 
T,T 


5- 8, 5-Q 

6- 6; 3-5 

2- 7,0-6 

8-8, 0-8 

3- 9, 10 

x-7» 0 * 

0- 9, 19 

1- 2, ro 

0-5* *'0 
3 S» I I 

I"S» 2 2 
3*3, 2<0 


... SSO, ^flower teed oil; PL, phospholipids ; SB, sterol «tea; FFA, fee* fcrty «icid*i TG, triglyceride!. 
The result* art the iodWduol value* from wo wiimaU. 
Titnce^-co-itO. 

^lipids, but no wktd changes were see* in the amount* of this la the oiher lipid prions, ^ate 
in thcpho^pholipid end triglyceride fccuoas and in * 8, 

lipids tog^ith a decrease in die linoleic and ^dordc^ads of the pho^l^. The 5, 8, 

taslb 4. Comp**oa of the effect* of cnmneo^ly applied Lnolcic and oleic 0=d o* ^erbs ™- 
ep3demialT?OTcrlo5*ofEFA-dcaciefltrat3 


Animals 


.Before application 


After application (days) 


4" 


EFA-dcfidcni ' Linoleic acid 
(6) (« sunflower 

seed ofl) 

BFA-deflcieru . Oleic acid 

(6) (as Olive oil) 

Nozmal connols LinOldc add 


3-33+0-50" 


a-57 


*-*7 

±0'4* 

±<?6s 

±C-70 



3-O6 

±o-43 

iO-«9 




0-36 

±0-10 

±015 

±0-X5 


I-4 1 


2 . 7 6 1-99 
tO-67 ±°'7 g 
0-42 O'SS 


deviations were calculfttcd- 
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SETS. *£2£S Stll <S*-**".«-- -rr-ssss* 

h,,tn A ^reriahic incrtt&e in the prop* cite of the tfccsamenoic (a>-<D and ftiachidonic 

' * £^£ta«* diet CW 3) the *W-dd Mflta of *e if*"*™ 

J£**Z£- £ ^controls, aid the effect of cnm. application of luribmr seed nil was 
' rSeTp^on tfUk *d inthe ft. f**y add^d ^^^^19 
wXon*edcn^ier(Tabl*3)then^ 

ii^cosatrieooic (w-9) acid* and a slightly lew marked increase in palmitol»c aad » aUhpri 
iSZSS £ «2n*l"*W aids, linoleic; 8, «, Uf-*-*ffl ™**>™ 
£2 *ete all low compared to control totalis. Application of sunflower seed oil for I week » lift 
T^T^T^Z caused increases in Hnoleic acid m free frtry ^^SSSKa? * 
glycerides, but there were no changes in the 8, it, 14-e.rosatne.10x («-6) oxidase acids. 

to a second experiment the effect of Bnoltic acid (as sunflower seed «1) on EFA-defloeni rat skra 
Hi S1S£ days treatment^mveaug^on ag «up of s* ammafc. A separate group of 
received ol^oUCdchin^acidJ.aBdnormalCnon-defideat)^ rated with sunflower 

Sd ffoups The standard demons of rhesemeans can be seentobeqmtel^emaame^es, 
Sicldng Sere«as .wide spread of individual value, of transdermal water loss wnhtatte 
^ groS- In order to test thcZistiod significance of the result the dady cl^-mtor,- 

£r* C cnmean. of the paired observations before treatment and day by da) [ ^^^^ 
each mean dairy observation of transepidtrmal water loss to compared with m ewrespondins pie- 
treatment value, with sunflower seed oil-treated EFA-defident rats there wis a marked 
transepidcrmal water loss after 4 days which conrianed into the 5* day ; these racoons were aig- 
ndficant at the P = o-oi level of significance. Vim the olive oil-treated wumals, although me dady 
mean values of water loss fluctuated, none *as significantly different from the prc-treatment values. 
Normal control animals lost very smallamouns of water, which aidant alter dunng 5 days of apphca- 
don Of linoleic add. In this experiment the animals received approximately r/fch of the amount fit 
lincleic acid administered to those of the first ejoperimeat. None the less, Ttansepidermal water loss 
was markedly reduced by cutaneous application after 4 days. 

Effect of sodium Mrau on irtosepidermal water toss in normal tots . . 

Prior to application of sodium laurate the rate of transepidermal water loss was d nmmin eft m eacn 
of the eighteen rats, and the mean value was calculated as 0 096 mg/cmVh, with a standard deviation 
of ± 0047. These animals were weanlings (3-4 «eete old) and the mean value of -water difiusion was 
much less than that seen with the control snimals of Tables 1 and 4. As the latter were between 3 
and 6 months of age, with different epidermal thickness aad hair growth patterns, such differences sis 
not unexpected. , 
In every case, 34 hafter application of sodium laume solution to the skin the rate of asm epidermal 
water loss was seen to have increased. Most of the increased values were in the range 1-3 Og/em Jb, 
but three animals in particular had very high readings (the highest of which was 9-299 jog/cm m 
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Barrier function arid cutaneous application oflmoUU add X9 

tab^b 5- Effect of cut&a&op& application of sunflower seed oil and olive oil upon die recovery 
of traasfcpidwmal water loss after soap irritation 


Treopncrtc greup 

Mesa water diiftiaian rate ± vd. (jrtg/cnr/h) 

Before irritation 

After icap irritation* After topical application 

Pfo application 
Sunflower seed oil 
Olive oil 

oooi 1 0-036 (6) 
o*o&6i©s>5r (6) 
o-no± 0-056 (6) 

± 3"*w (6) 1777*0-9^9 («) 
i'4ll±^8S^ (0 o-4«S±0-!55 (6> 
2*80 ±2-595 (6) (6) 


* Each aiuraol was treated with 0-25 M sodium lanrzce for 30 rain during r day. 
The figure ixi parentheses denores the number ot experimental observation*, from which 
the graiistics were derived. 

indicative of strong responses to sodium karate application. The calculated mean increased value of 

"Transepidcrrnal water loss tor the eighteen animals was 2-6S mg/an 2 /h, but, as the range of individual 
values was wi.de, the standard deviation of this mean was ±274 mg/cm 2 /h. NOne^the-less, a Student's 
V-test of the difference between the pre- and post-treatment means of paired observations was 

\ significant at P = a»oi. The irritation response df the skin of these animals as a result of sodium, 
laurace application was also varied; ranging £cora mild erythcrrfa to drying and cracking of the stratum 
comcum. No accurate subjective assessment of the degree of irritation was performed (Piottcy, 

HHarrop & Fergussoris X973) and so semiquantitative comparison, of trans epidermal water loss and 

. ian irritation could not be made. 

Effect of cutaneous application of vegerahjs oik o# wd& diffusion of sodivm laurvte-aaited rm 
After deiermination of the rate of ixansepidcnnal water loss in the irritatcd 'toiniate, they were 
divided inio three groups, such that each group contained animals of high a»d low diffusion rates. 
Those in the first group received no further treatment, in the second group, sunflower seed bit* and in 
tha third group olive oil. After a further 24 h water diffusion rares were measured a&d the results arc 
shown in Table 5. All animals which received caoncous sunflower seed oil exhibited lower values of 
transdermal water loss (toean value of 0-40S mg/em 2 /h), but a Student's paired V-test of the 
significant of these changes compared with after sodium laurace application alone proved to be nan- 
significant at the 95% level of aignificance (presumably due to the wide spread of individual values* 
reflected fc*y the standard deviations)- In both the group of rats receiving olive oil and the untreated 
"btatrols, the mean values of txansepidermal water loss were not marked]* lower than after sodium 
jautate application. In the group of rati receiving sunflower seed oil compared with both that group 
receiving olive oil and that group rcjiuuning untreated, transcpiderrnsl water low was significantly 
lower (P = o^i) 3 s-uggesxing that it is the linoleic add r*edaramarit in this oil which is responsible for 
'repairing the abnormal barrier function. 

discission 

We have shown that cutaneous application of linoleic add, in the form of a triglyceride ester as sun- 
flower seed oil, restores to nonnai the abnormally high rate of transepiderrxial water low in two experi- 
mentally individual conditions of rar sKn> namely, essential fatty acid deficiency and primary 
irritation by sodium lauiate. ftestorution to normal of hitfi rates of water diffusion in essence ratty 
acid-dchcient rats has been previously demonstrated by reproduction to the diet of essential fat 
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add to essential fatty ^deficient rata; in 1936 Shepherd & l^escrited Lhow apphcadon of 
'Vitamin F (as lmotoc acid was describe*) to the tail 0*an csseaxial -toy aad^dcfiacar m and I the 
S Z ^hjch ch^ctcmcd * C amdrnan, Grandd (1^8)^ ^ have 

recently demanded restoration of the cutaneous rnaarfe^tttns of £*A-dcfiaency m man by this 

• me^Wy«<*>^ 

shown recent* by JeienkD, Wheeler & Scott (197*) bumcd skin, m which the abnormally high 
rate. of water transrnissioxi "was iccduccd by up to Thercfbr^our finding here that impaired 
. . sl ^ bar rier function 

' oil is not unexpected, ' • . .. . • 

* As well as die similar resales of sunflower -seed oil application in both experimental, models of 
- Wircd-barrier function described here, there arc also dchtr.similarina. It has bc<^ply d«cribed 
(Williamson, 1941; 3asnay**'& Sinclair, itf** Mentoa, 196S) that the skin in EFA-ddiaency is 
V:.. hyperplastic and hyperkeratotic with a consequential thickening of the stratum e*metrm. We have 

sh ^(Frot^^ 

also exhibits mwphokfiical change* which have' some jtniOarltKaw essenual fery acid defiaency, 
' such as hyperplasia stratum corneurn thictoing aad iwrased mitotic activity. Also, m EFA- 

deficiency in the raty deraJlged lipid metabolism (Ziboh & Hfe,.i9rt ^ ac^muW l of firm the 
, srratumcoraeiimfKm^ 

surfactant irritation of rat skin the epidermis syntheses more lipid (Prorfey & Hartop, 1973), and 

lipid droplets may be observed hi the stratam coxBcnrn (ToVell *t 1974)* ' 
Despite rtese similari^^ 

wich-dtf rergent-freatedskin. Elevation of the rate of transepidcmiai water loss is a general phenomenon 
s tba t has been described in animah and xnan Blifce,- 

• - treatment of mouse-skin increased the rate of wait division ; rape stripped rrom&ti skin, has a similarly 

raised ratc,(Spruit & Maltety 196S; Erifason & Lanke, 1971) ttd'J* certain Ha* (Erases transepi- 
dtrra^ waii loss is inaewed (Gricc&Be^ 
' of sunflower seed oil in repairmi barrict f^ 
Ofikcn & Moycr (19^3) demonatmied the involvem 

* , indicate that cutaneous application of sunflower seed oil to EFA-dcfitieni skin resulttd ifl its incor- 

porarion into phospholipids, and we have similar (anrcpdited) Mbrrnarioa for 4ecergeiit-irDttted skin 
so treated. Linolcie Add has been idendfied in human cjidefmal phospholitrids (Vioraan, Nemecck 
& ^12,1969). ' . 

It was found that the effect of srrnfibwer seed oil onflodfum lauxat>iltrteted skin was rapid reduction 
Jirrranscptdcrmal water loss whin 24 h, whereas on EFA^leficient skin.a reduction, in wstfer loss of 
a simihr magnitude requ^^ 

different in these two instances. A physical occlusive effect may be discounted as olrvc oil did nor 
effect such a reduction in water loss. Indeed, in separate studies (to be reported) we have examined 
other oils, flrid the beneficial action on impaired barrier ftmcncn seems no be confined to certain 
polyunsaturated farcy acids of the w-6" configuration; oils containing nonessential fatty adds have 
no effect. 

Recently, Ziboh & Hsia (1972) have described how the cutaneous application of prostaglandin E* 
to the skin of essential fatty acid-deficient rats cleared the scaly lesions, and also reversed the abnormal 
sterol ester metabolism: Thus ic- way be speculated that the repair of barrier function we have 
described above is, in fact due m conversion of the cutaneously applied linoleic acid, via arachidonK 
acid, into prostaglandin £2, instead of (or in addition, to) m incorporation into phospholipids which 
constitute the barrier function of the skin. This is currently under invcstigatioii. 


PAGE 59/60 ' RCVDAT 12/20/20053:28:09 PM [Eastern Standard Time] » SVR:USPTO-EFXRF-6/26* DN1S:2738300 * CSID:513 241 6234 * DURATION (mm-ss):20-34 


DEC. 20. 2005 3:48PM 


513 241 6234 


NO. 0312 P. 60 


Barrier function, and cutaneous application of Hnd$ic add ii 
REFERENCES 

SWNAVAiB, V. & SINCLAIR! H.M. (1936) The effect Of deficiency of essential fatty acids upon the ikin. In: Bio- 
cAsmJcdl Prehltms cf Lipids by G. Pop jak and E. LeBreton), p. 476. Bkctcrworth Scientific Publications, 
London. 

BaumBERGER, JJ?.) Svntzshp, V. 3t CoWttRsy, G.V. (1942) Methods for the separation of epidermis fiom dctmie 
pnd wmc physiological and chemical properties of isolated epidermic Journal of the National Cancer Insriiuit, 

BlANfe l.H. (1965) Cntanteou* barriers, Jovnad of Inousifothm Dfl/xqoiolQgy, 45, 249. 

SslKSSatfj G- & LANKEj JUCK (197:) Regeneration of humoA cbidermal tnrfkee and warer harrier ffaAdion after 
snipping. Aaa.derfnaio-vaicrcvlogica, ci* 16*0. 
' FulCOj A;J- A M*Aos, JJF. (1959). MerabdliArb of essential fatly adds. VlIT. The Origin of sAn-efcosaoififlOic 
acid m the fat-deflcieni rat. Journal of Biological Chtimstty a 1411. 
Grmtoel, F. (1938) t^bcr Vitamto. F. Fen* Stiftn Anstrichmtttl, 45. 230. 

GAAHOyP. & LahsoowN) AB.G. (1972) Mathods of measuring, andfaccorj affrrtmg t ptrmtaneom ab*orptioii_ 
V Jwttal ttf th* Society of Gosrnitiz Gksmistt, 23, 4S1. 
' Gwce, tCA. & Bgrn.BY, F.K.,' (1967) Stan water loss and accidental hypothermia in psoriraa, ichihyoiix and 

erythfodetinB. British Medical Journal, iy, 195. ■ 
HoXMAN, R-T\ (isrWEisential Jjjrtty acid deficiency. In: Prints in ifo Chemistry of Fats and cifrar lipids (Ed_ 

by Holman), P. 279. Pergwnon Preis, OtfonL 
jEl£W3i WJBEBLER. MJ_ & SCOtt> T-?VL (1072) Studies in bums. Journal <f Trauma, XX, 974* 
KttrtSBtfY, F.A-J*" ek KELLVM, R,B, (^$5) Ewcntial fatty acid deficiency. AnMOts of Dermatology* 9** 
+ MENTW* D.N. (196*8) Th& cSmctfl of essential fatty odd deficiency on tha dun of the mouse. American Journal of 

Anatomy, rii, 337* 

£OHKEN, HJO. Sc'MOYER, CA, (zs$3) The water hairier in harAan efpideunig. Arshhes of Dcrmaioloty* 87, go, 
"-FMM, M,j rUatoP, P.J. oVPROTre*, C, (1974) Collection of essential -ferry acid denciency in man by the entail- 
' edua appltoiWl of sunflower seeci oil. Lexuti U 597- . 
;' pjJOTTff^j CL & HARTWj P. J. (1973) Changes in glycdoUpJd metabolism in rat C^idcrmii following exaggerated 
\ wiihio^ with soap s^tions. jfww/i^; Jffl?«ii^afw«.D<i'maiaI^ > fii, 168* . . 

PBOttBY, C> ttAW^ap, PJ. i PflttdusoN, TJ?J4, (1972) UpM aynthesls in rat skin. BtitiA Journal of Dermatology, 

. /Pnorw, C, Hahtop> P.J^ & XFM. (1973) Tbc effect of soap upon certain aspecu ofsfcin biochftnw- 

lty» Journal of the Society of Cosmetic Chemists, 34, 473.' 
^PBOTTBr, C> Haitop, PJ. j< Ptoy, M. (1975) Coirecuoai of tho cutaneout marJfcstatiwil of easenUal fiflDcry add ■ 

defidtfney inmln by application of sunflower seed oil to the akin. Jftmal of Jmmlig&iv* DermaMbgys' $4, 

' RX|£A, <k (1974) Trtrusrpidermal water loss on the hancts in atopic deftnantia. Artkwfi^ Dtrmatologitche Forsdir- 

. . S^KBW), Mil. & LlNH, DJL (193S) Evaluation of viounin S. J>r^ iwi Qmwii/k /nrfui^ 38, 629. . 
jk-THlEt^ F,AJ- & ScHortERj K. (1963; Moiswe meters for measuring tnc waWr bfllanee of the human sWn. 
■* : \&&udw*<flkoSoUrtificSwntftheT&l«GQ^ 
Tovxil, P.\T^., Weaver, A.Co Hotp, J. & Sprott> W.E. <I974> The i=tion of sodium touryt >ulpnace on rac 

skin — an ulcra^truccutal study. British Jovmal qf Dermatology, 90, 50J( . 
WuxtA«30N 3 R. (1942) A note op die ep Wenna of the rat on a fat-free dint. Biothtmical Journal, 35, 
VtaxuNi H£., NBMECBKi R.A. & H«a> S.L. (X969) Synched of lipidl &om aoew« by unman prermtial aad 

abdominal skin i* vitro. Journal of Lipid Research^ 10, 507 , . 

ZiBdK, VA. 8( Hs^ S JL (1972) ESeco of RroSta^IandinEa Oft iat ikte: inhibiden of atecoi ewer bioaynthc*- and 


deariog of jcaly lesdona in essential faery acid deficiency. Jomtal ofUpii Ainffejh, ifc 458- . 
Smni, D,& MaItoNj K.S. (1968) Estimation of the injury of tflunu ^ by alkalioe hqtud*. Beruf^Dtmatosm, 

eeney, T.M. A DOWNtso, p r T. (1970) 
of ItWtstigatKe Dermatology* 5S> *35- 


Sweaty 3 , T.M. « DOWNtso, p,T. (1970) The role.of lipids in the epidanniLbimcr > wSier diffuiion, i^iioJ 


PAGE 60/60 * RCVD AT 12/20/2005 3:28:09 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/26 * DNIS:2738300 * CSID:513 241 6234 ^ DURATION (mm«ss):20-34 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


